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1. Reagents: Unless otherwise noted, all reagents were purchased from commercial suppliers and used
without further purification. Column chromatography purifications were performed using 300-400
mesh silica gel.

2. Instruments: NMR spectra were recorded on Varian Inova—400 MHz, Inova-300 MHz, Bruker
DRX-400 or Bruker DRX-500 instruments and calibrated using residual solvent peaks as internal
reference. Multiplicities are recorded as: s = singlet, d = doublet, t = triplet, dd = doublet of doublets, br
s = broad singlet, m = multiplet. HRMS analysis were carried out using a Bruker micrOTOF-Q
instrument or a TOF—MS instrument.

3. Preparation of masked benzyl alcohol substrates

Preparation of Benzylhydroxylamine substrates S1

o/NHz'HCI NaHCO, O/NHz
—_—
CH,Cl,

S$1

To a beaker of 0-Benzoylhydroxylamine hydrochloride (4.79 g, 30 mmol, 1.0 eq) was added a solution
of saturated sodium bicarbonate at room temperature until the effervescence ended. The organic
material was extracted three times with CH,Cl, (25 ml per extraction). The combined organic layers
were washed with brine (50 mL), dried over anhydrous Na,SO, and concentrated in vacuo to give o-
Benzoylhydroxylamine (S1).

3.1 Preparation of St

0 EtsN(Pr-i)y, NZ

_NH, EtN=C=N(CH,);NMe HCI H |
(@) AN OH  1-Benzotriazolol - O,N ™
+ I _N CH,Cl,, over night, rt @/\ I

S1 Sl

A mixture of S1 (10 mmol, 1.0 eq), picolinic acid (1.1 eq), EDCI (1.1 eq),
L N 1| HOBtHO (1.1 eq), and DIPEA (3.0 eq) in anhydrous DCM (40 mL) was
©/\O/N X stirred at room temperature over night. Water was added and the mixture
(0]
s

was extracted with DCM. The combined organic layers was washed with
water and brine, dried over anhydrous Na,SO., and concentrated in vacuo.
The resulting residue was purified by silica gel flash chromatography to give the desired product.
Compound SI was prepared in 87% yield as white solid. *H NMR (400 MHz, CDCls) § 10.32 (br s,
1H), 8.43 (d, J = 4.1 Hz, 1H), 8.16 (d, J = 7.8 Hz, 1H), 7.83 (m, 1H), 7.45 — 7.42 (m, 2H), 7.41 - 7.31
(m, 4H), 5.04 (s, 2H); *C NMR (101 MHz, CDCls3) § 162.04, 149.11, 148.28, 137.50, 135.33, 129.27,
128.80, 128.66, 126.75, 122.45, 78.63. HRMS Calcd for Ci3Hi2N,O, [M+H]*": 229.0977; Found:
229.0981.

3.2 Preparation of SI11™4

0 EtsN H

~NH, Q 4-DMAP _N_Me
(6] + [ (6]
©/\ )J\OJ\ CH,Cly, 0 °C-rt ©/\ \g/

S1 Sl

To a solution of S1 (10 mmol, 1.0 eq) in DCM (40 mL) was added triethylamine
O/N\H/Me (1.5 mL, 11 mmol) and 4-(dimethylamino)pyridine (1 mmol, 0.1 eq) at 0 °C.
@A o Acetic anhydride (1.0 mL, 11 mmol) was added dropwise, and the mixture was
s stirred for 10 min at 0 °C and 30 min at room temperature. The reaction was
washed with saturated aqueous NaHCOs, 1 M HCI, water, and brine. The organic layers was dried over
anhydrous MgSQ, and concentrated in vacuo, purified by flash column chromatography on silica gel to
give the product SllI, yield 78% as colourless oily liquid. *H NMR (400 MHz, CDCl3) § 10.15 (br s,
1H), 7.36 — 7.29 (m, 5H), 4.83 (s, 2H), 1.79 (s, 3H); *C NMR (101 MHz, CDCl3) & 168.25, 135.35,
128.94, 128.45, 128.35, 77.86, 19.58. HRMS Calcd for CgHi1:NNaO, [M+Na]*: 188.0687; Found:
188.0693.

3.3 Preparation of SIIE!
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H
O,NH2 . t3 o”
Cl AcOEt, 0 °C" rt o)
over night

S1 Sl

To a stirring solution of S1 (10 mmol, 1.0 eq), EtsN (1.5 mL, 11 mmol) in
O,H% EtOAc (50 mL), was added trimethylacetyl chloride (1.5 mL, 41 mmol) at 0 °C.
EjA g The reaction mixture was stirred at 0 °C for 10 minutes. Then, the reaction
s mixture was stirred at room temperature overnight. After that, the reaction
mixture was extracted with EtOAc, washed with brine and dried over anhydrous Na,SO.. Then, the
extract was concentrated in vacuo and purified by flash column chromatography on silica gel to give
the product SlII, yield 76% as white solid. *H NMR (400 MHz, CDCl3) 6 8.25 (br's, 1H), 7.41 — 7.34
(m, 5H), 4.90 (s, 2H), 1.15 (s, 9H); *C NMR (101 MHz, CDCls) & 176.19, 135.37, 129.54, 128.89,
128.70, 78.01, 38.16 , 27.30. HRMS Calcd for C1,H;7NO, [M+H]": 208.1338; Found: 208.1333.

3.4 Preparation of SIV

o-NH2 e N _nme
©/\ + CI)J\N/ EtsN (1.2 eq) oy
| CH,Cl,, reflux o

S$1 SIvV

O,H\H/NMez
(o)

Siv

A stirred mixture of S1(10.0 mmol), dimethylcarbamoyl chloride (1.62 g, 15
mmol) and EtsN (2 mL) in CH,ClI, (30 mL) was heated under reflux over night.
The mixture was poured onto H,O (25 mL) and the organic layer was separated,
washed with H,O (30 mL), brine (30 mL)and dried over anhydrous Na,SO, and
the solvent was removed in vacuo, purified by column chromatography on silica gel to give the product
Siv,Yield 70% as white solid. *H NMR (400 MHz, CDCl3) § 7.91 (br s, 1H), 7.38 (dd, J = 7.8, 1.6 Hz,
2H), 7.34 — 7.29 (m, 3H), 4.82 (s, 2H), 2.79 (s, 6H); *C NMR (101 MHz, CDCl3) § 159.64, 136.14,
128.77 , 128.14, 127.99, 77.76, 35.72. HRMS Calcd for CioH14N,O, [M+H]*: 195.1134; Found:
195.1139. HRMS Calcd for C1oH14N20, [M+H]*: 195.1134; Found: 195.1151.

4. General procedures for the preparation of (N,N-dimethyl)oxamoyl amide-protected benzyl
alcohol substrates la-1r

1. N-hydroxyphthalimide,

R .
NM
PPh;, DEAD, THF C|)J\n/ ©2
Foll A OH 2 NZH4 H,0 2 NMe,
=
S1

R=H,CHs
FG= CHa,F,Br,Cl,0CH3,CF,

4.1 Preparation of (N,N-dimethyl)oxamoyl chloride S2%!

Step A: A solution of dimethylamine hydrochloride (4.89 g, 60 mmol, 1.0 eq) in CH,Cl, (50 mL)
with triethylamine(10 mL, 72 mmol, 1.2 eq), which need to add CH,Cl, to make sure that
dimethylamine hydrochloride was dissolved completely, was added dropwise to a solution of oxalyl
chloride (7.5 ml, 90 mmol, 1.5 eq) in CH,Cl, (100 mL) at 0 °C. The solution was warmed to room
temperature and stirred over night. The excess of oxalylchloride and the solvent were removed in
vacuo, CH,CI; (60 mL) was added and evaporated. This operation was performed twice to give S2 as a
pale yellow solid. The crude product was used in the next step without further operation.

4.2 Preparation of Benzylhydroxylamine substrates S15!

Step B: To a solution of benzyl alcohol (20 mmol, 1.0 eq), N-hydroxyphthalimide (22 mmol, 1.1
eq) and PPh; (22 mmol, 1.1 eq) in 40 mL anhydrous THF was added diethyl azodicarboxylate (22
mmol, 1.1 eq) dropwise over 5 minutes at room temperature. The reaction was monitored by TLC
(silica gel, eluent: EtOAc/ petroleum ether = 1:2) and usually completed in 3 hours. Then hydrazine
monohydrate (24 mmol, 1.2 eq) wad added dropwise to the reaction mixture. The reaction was
monitored by TLC (silica gel, eluent: EtOAc/petroleum ether=1:2) and usually completed in 30
minutes. On completion of the reaction, the mixture was filtered and silica gel (7.0 g) was added to the
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filtrate. After removal of the solvent in vacuo, the residue was purified by flash column
chromatography on silica gel to give the product S1.

4. 3 preparation of marked benzyl alcohol substrates 1b-1r

Step C: A solution of (N,N-dimethyl)oxamoyl chloride S2 (30 mmol, 1.5 eq) in CH2Cl2 (50 mL) was
added dropwise to a solution of the title compound S1 from Step B with triethylamine (3.0 ml, 21
mmol, 1.1 eq) in CHz2Cl2(40 mL) at 0 °C, and then the mixture was stirred at room temperature, over
night before quenched by water (50 mL). The organic layer was separated and the aqueous layer was
extracted with CH2Cl2 (20 mL x 2). The combined organic layers were washed with brine (30 mL) and
dried over anhydrous Na:SOa4. After removal of the solvent in vacuo, purified by column
chromatography on silica gel to give the product as white solid or colorless vitreous fluid.

4. 4 preparation of masked benzyl alcohol substrates 1a

o
o
S2 o NMe, H
o o~ NMe,
0 _ g
0
1a

EtsN, CH,Clp, 0°C - 1t
S$1

To a beaker of 0-Benzoylhydroxylamine hydrochloride (4.79 g, 30 mmol, 1.0 eq) was added a solution
of saturated sodium bicarbonate at room temperature until the effervescence ended. The organic
material was extracted three times with CH,Cl, (25 ml per extraction). The combined organic layers
were washed with brine (50 mL), dried over anhydrous Na,SO, and concentrated in vacuo to give o-
Benzoylhydroxylamine (S1). Then according to the step C to get the compound 1la as white solid,
Yield 5.3 g, 80 %.

g ©
_N
(0] \H)LNMeZ
0
1a

Compound 1a: white solid. Yield 80%. *H NMR (400 MHz, CDCl3) & 10.46 (br s, 1H), 7.42 (dd, J =
7.2, 1.9 Hz, 2H), 7.35 — 7.32 (m, 3H), 4.93 (s, 2H), 3.18 (s, 3H), 2.89 (s, 3H); **C NMR (101 MHz,
CDCl3) 6 161.26, 159.10, 134.86, 129.38, 128.98, 128.69, 78.50, 38.08, 36.46. HRMS Calcd for
C11H14N203 [M+H]*: 223.1083; Found: 223.1092.

Me H (o}
ﬁj/\o"\‘\fHJ\NMe2
(6]
1b
Compound 1b: white solid. Yield 50%. *H NMR (400 MHz, CDCl3) & 9.68 (br s, 1H), 7.38 — 7.30 (m,
2H), 6.97 — 6.88 (m, 2H), 5.02 (s, 2H), 3.85 (s, 3H), 3.31 (s, 3H), 2.96 (s, 3H); *C NMR (101 MHz,

CDCls) 6 161.19, 158.80, 158.22, 131.49, 130.61, 123.24, 120.62, 110.76, 73.78, 55.64, 38.13, 36.57.
HRMS Calcd for C12H1sN203 [M+H]™: 237.1239, Found: 237.1249.

Cl H [e]
fj/\o"\‘jHLNMe2
O
1c
Compound 1c: white solid. Yield 63%. *H NMR (400 MHz, CDCl3) § 9.69 (br s, 1H), 7.54 — 7.49 (m,
1H), 7.42 — 7.38 (m, 1H), 7.32 — 7.28 (m, 2H), 5.11 (s, 2H), 3.34 (s, 3H), 2.98 (s, 3H); **C NMR (101

MHz, CDCl3) & 160.88, 159.14, 134.59, 132.76, 131.30, 130.43, 129.81, 127.13, 75.46, 38.18, 36.73.
HRMS Calcd for C11H13CIN,O5 [M+H]*: 257.0693; Found: 257.0701.
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Br H (0]
_N
O %NMez
(¢]
1d

Compound 1d : white solid. Yield 52%. *H NMR (400 MHz, CDCl3) § 9.70 (br s, 1H), 7.46 (t, J = 6.9
Hz, 1H), 7.35 (dd, J = 13.1, 6.3 Hz, 1H), 7.15 (t, J = 7.4 Hz, 1H), 7.07 (t, J = 9.0 Hz, 1H), 5.03 (s, 2H),
3.32 (s, 3H), 2.97 (s, 3H); ¥C NMR (101 MHz, CDCls) § 161.02 , 159.15, 134.51 , 133.03, 131.23,
130.42, 127.73, 124.36, 77.54, 38.16, 36.64. HRMS Calcd for Cy;Hi3BrN,O; [M+H]*: 301.0188;
Found: 301.0196.

F H (o}
_N
(0] %NMez
(e}
1e

Compound 1e: white solid. Yield 55%. *H NMR (400 MHz, CDCl3) & 10.21 (brs, 1H), 7.45 (t, J=7.1
Hz, 1H), 7.35 — 7.28 (m, 1H), 7.11 (t, J = 7.5 Hz, 1H), 7.03 (t, J = 9.1 Hz, 1H), 5.00 (s, 2H), 3.24 (s,
3H), 2.91 (s, 3H); 3C NMR (101 MHz, CDCl3) $161.47 (d, Jc.r = 247.0 Hz), 161.35, 159.21, 131.83 (d,
Jc-r = 4.0 Hz), 130.90 (d, Jcr = 8.0 Hz), 124.26 (d, Jc-r = 3.0 Hz), 122.17 (d, Jc-¢ = 14.0 Hz), 115.51
(d, Jer = 21.0 Hz), 71.61, 37.98, 36.27. *F NMR (376 MHz, CDCl3) & -117.88; HRMS Calcd for
C11H13FN,O3 [|V|+H]+: 241.0988; Found: 241.0998.

y
Me N
(¢} \”)LNMeZ
0o
1f

Compound 1f: colorless vitreous fluid. Yield 64%. *H NMR (400 MHz, CDClz) & 10.02 (br s, 1H),
7.27-7.22 (m, 2H), 7.21 (d, J = 7.1 Hz, 1H), 7.15 (d, J = 7.2 Hz, 1H), 4.90 (s, 2H), 3.27 (s, 3H), 2.94
(s, 3H), 2.35 (s, 3H); °C NMR (101 MHz, CDCl3) § 161.39, 159.10, 138.33, 134.73, 129.99, 129.65,
128.52, 126.35, 78.50, 38.01, 36.33 , 21.36. HRMS Calcd for C12H1sN205 [M+H]*: 237.1239; Found:
237.1244.

y ©
Cl _N
O NMe,
(0]
19

Compound 1g : white solid. Yield 50%. *H NMR (400 MHz, CDCl3) & 10.12 (br s, 1H), 7.41 (s, 1H),
7.32 - 7.28 (m, 3H), 4.90 (s, 2H), 3.28 (s, 3H), 2.94 (s, 3H); °C NMR (101 MHz, CDCls3) § 161.22,
159.19, 136.99, 134.50, 129.99, 129.19, 129.03, 127.28, 77.54, 38.09, 36.48. HRMS Calcd for
C11H13CIN2O3 [M+H]*: 257.0693; Found: 257.0701.

H o
Br. _N
(0] m)J\NMeZ
(0]
1h

Compound 1h : white solid. Yield 47%. *H NMR (400 MHz, CDCl3) § 10.18 (br s, 1H), 7.62 (s, 1H),
7.51 (d, J=7.9 Hz, 1H), 7.39 (d, J = 7.5 Hz, 1H), 7.32 — 7.27 (m, 1H), 4.94 (s, 2H), 3.33 (s, 3H), 3.00
(s, 3H); **C NMR (101 MHz, CDCls) § 161.40, 159.18, 137.25, 131.99, 131.82, 130.17, 127.70, 122.50,
77.35, 38.00, 36.29 . HRMS Calcd for C11H13BrN2O3; [M+H]*: 301.0188; Found: 301.0190.
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b ©
MeO _N
o) \H)LNMez
o)
1i

Compound 1i: colorless oily liquid. Yield 61%. *H NMR (400 MHz, CDCl3) § 10.25 (br s, 1H), 7.22
(t, J =8.0 Hz, 1H), 6.97 — 6.91 (m, 2H), 6.84 (dd, J = 8.2, 2.1 Hz, 1H), 4.88 (s, 2H), 3.76 (s, 3H), 3.20
(s, 3H), 2.89 (s, 3H); °C NMR (101 MHz, CDCl3) § 161.48, 159.71, 159.16, 136.38, 129.57, 121.35,
114.62, 114.23, 78.19, 55.25, 37.91, 36.13. HRMS Calcd for Ci,HisN.Os [M+H]":253.1188;
Found:253.1191.

H o}
¢}
1j

Compound 1J : white solid. Yield 45%. 'H NMR (400 MHz, CDCls) § 10.21 (br s, 1H), 7.67 (s, 1H),
7.63 — 7.58 (m, 2H), 7.48 (t, J = 7.7 Hz, 1H), 4.98 (s, 2H), 3.26 (s, 3H), 2.94 (s, 3H); **C NMR (101
MHz, CDCls) 6 161.28, 159.34, 136.03, 132.51, 131.01 (q, Jc-r = 33.0 Hz),129.22, 125.86 (d, Jc.r = 3.0
Hz), 125.70 (d, Jc-r = 3.0 Hz), 124.04 (q, Jc-r = 270.0 Hz), 77.55, 38.05, 36.43. *F NMR (376 MHz,
CDCl3) 6 -62.66. HRMS Calcd for C12Hi13F3N,O3 [M+H]*: 291.0957; Found: 291.0964.

by ©
_N
(o) %NMez
" o]
© 1k

Compound 1k : white solid. Yield 43%. "H NMR (400 MHz, CDCls) 8 9.55 (br s, 1H), 7.31 (d, J = 7.8
Hz, 2H), 7.18 (d, J = 7.8 Hz, 2H), 4.90 (s, 2H), 3.32 (s, 3H), 2.97 (s, 3H), 2.36 (5, 3H); °C NMR (101
MHz, CDCls) & 161.05 , 158.98, 139.00, 131.75, 129.51, 129.45, 78.44, 38.15, 36.64, 21.39. HRMS
Calcd for C1oH16N203 [M+H]+: 237.1239; Found: 237.1246.

5)
H
_N
0 NMe,
o}
cl
1

Compound 11 : white solid. Yield 66%. *H NMR (400 MHz, CDCl3) & 9.86 (br s, 1H), 7.38 — 7.33 (m,
4H), 4.91 (s, 2H), 3.31 (s, 3H), 2.96 (s, 3H); *C NMR (101 MHz, CDCl3) & 161.17, 159.15, 134.94,
133.41, 130.72, 128.89, 77.62, 38.11, 36.52. HRMS Calcd for Ci1H:3CIN,Os [M+H]": 257.0693;
Found: 257.0700.

o
H
_N
O NMe,
(¢]
Br
1m

Compound 1m: white solid. Yield 73%. 'H NMR (400 MHz, CDCls) & 10.03 (br's, 1H), 7.48 (d, J =
8.4 Hz, 2H), 7.29 (d, J = 8.2 Hz, 2H), 4.87 (s, 2H), 3.27 (s, 3H), 2.94 (s, 3H); **C NMR (101 MHz,
CDCl3) 6 161.29, 159.17, 133.93, 131.79, 130.96, 123.07, 77.59, 38.07, 36.40. HRMS Calcd for
C11H13BrN2O3 [M+H]*: 301.0188; Found: 301.0196.
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(0]
H
_N
O NMe,
(e]
F
1n

Compound 1n: white solid. Yield 57%. *H NMR (400 MHz, CDCl3) § 9.99 (br s, 1H), 7.40 (dd, J =
8.0, 5.7 Hz, 2H), 7.04 (dd, J = 12.0, 5.3 Hz, 2H), 4.89 (s, 2H), 3.27 (s, 3H), 2.94 (s, 3H); *°C NMR
(101 MHz, CDCls) 6 162.94 (d, Jc.r = 246.0 Hz), 161.61, 159.20, 131.24 (d, Jcr = 8.0 Hz), 130.79 (d,
Jo.r = 3.0 Hz), 115.37 (d, Jcr = 22.0 Hz), 77.43, 37.85, 36.01; °F NMR (376 MHz, CDCl3) & -112.85.
HRMS Calcd for C11H13FN2O3 [M+H]*: 241.0988; Found: 241.0996.

H (o]
Me _N
O NMe,
o
Me
10

Compound 10 : white solid. Yield 62%. *H NMR (400 MHz, CDCl3) § 9.67 (br s, 1H), 7.18 (s, 1H),
7.12 (s, 2H), 4.87 (s, 2H), 3.31 (s, 3H), 2.96 (s, 3H), 2.25 (d, J = 1.2 Hz, 6H); *C NMR (101 MHz,
CDCl3) 6 161.18, 158.98, 137.57, 137.00, 132.15, 130.71, 129.94, 126.94, 78.48, 38.10, 36.53, 19.78,
19.67. HRMS Calcd for C13H15N203 [M+H]*: 251.1396; Found: 251.1395.

Oy
(o]
Cl
1p

Compound 1p : white solid. Yield 68%. *H NMR (400 MHz, CDCl3) § 10.03 (br s, 1H), 7.46 (s, 1H),
7.37 (d, J = 8.2 Hz, 1H), 7.20 (d, J = 3.4 Hz, 1H), 4.82 (s, 2H), 3.24 (s, 3H), 2.90 (s, 3H); *C NMR
(101 MHz, CDCls) 8 161.15, 159.25, 135.23, 133.04, 132.75, 131.02, 130.69, 128.41, 38.11, 36.51.
HRMS Calcd for C11H12,Cl,N,05 [M+H]*: 291.0303; Found: 291.0315.

Me H (e}
©)\0’Nj‘)LNMe2
(e}
1q
Compound 1q: white solid. Yield 70%. *H NMR (400 MHz, CDCl3) & 9.54 (br s, 1H), 7.38-7.30 (m,
5H), 5.00 (g, J = 6.5 Hz, 1H), 3.20 (s, 3H), 2.89 (s, 3H), 1.58 (d, J = 6.6 Hz, 3H); **C NMR (101 MHz,

CDCls) 6 161.32, 158.97, 140.41, 128.70, 128.64, 126.96, 83.95, 37.96, 36.30, 20.94. HRMS Calcd for
C12H16N203 [M+H]*: 237.1239; Found: 237.1248.

Me H o}
_N
jont s
(0]
Br
1r

Compound 1r: colorless vitreous fluid . Yield 73%. *H NMR (400 MHz, CDCl3) § 10.11 (br s, 1H),
7.47 (d, J = 8.4 Hz, 2H), 7.28 (d, J = 8.3 Hz, 2H), 4.98 (q, J = 6.5 Hz, 1H), 3.17 (s, 3H), 2.87 (s, 3H),
1.55 (d, J = 6.6 Hz, 3H); 3C NMR (101 MHz, CDCl3) & 161.31, 159.03, 139.59, 131.78, 128.73,
122.53, 83.19, 37.99, 36.31, 20.87. HRMS Calcd for CioHisBrN.O; [M+H]": 315.0344; Found:
315.0357.

5. Screening of directing groups.

S7



Pd(OAc), (5 mmol%) o
NFSI (2 eq) |

H
/N\
0o~ “pG HFIP
e
©/\ 100 °C,10 h d,DG
DG=
?%JJ\ ‘?z&l* % ;THJ\NMeZ /‘??LJ]\NMeg

NR 43% NR

[a] Reactions were carried out on a 0.2 mmol scale, using NFSI (2 eq) as an oxidant, using HFIP (1.5 mL) as the
solvent. Yields were based on GC. NFSI = N-Fluorobenzenesulphonimide.

6. Screening of reaction conditions of intramolecular 6-C(sp2)—H amination.[

Pd(OAc) (5 mol%)

oxidant (2 eq)
TW)LNMG additive (0.5 eq)
NM
(jA HFIP (1.5 mL),100 °C,10 h )H( e’ 0

a NMe2

yield (%)I"9!

entry oxidant oxidant additive 2a : 3a
1 PhI(OAc), (2 equiv) 0 12
2 K»S,05 (2 equiv) 16 30
3 NFSI (2 equiv) 43 56
400l NFSI (2 equiv) 76 11
5(b] NFSI (2.5 equiv) 80 10
6! NFSI (2.5 equiv) NaOAc 91(82) 3
7 H,0, (4 equiv) 32 60
8 K»S,04 (2 equiv) TBPB (4 equiv) 18 37
9 K»S,04 (2 equiv) DTBP (4 equiv) 38 50
10 KsS,0g (2 equiv) H,0, (4 equiv) 25 68
110l K,S,04 (2 equiv)  H,0, (4 equiv) 0 0
12 K,S,05 (2 equiv)  H,0; (4 equiv) 22 32
13lel K,S,0g (2 equiv)  H,0, (4 equiv) 10 17
14 K5S,0g (2 equiv) H,0, (4 equiv) PivOH 14 80
15 K,S,0g (2 equiv) H,0; (4 equiv)  Ac-Val-OH 22 74
16 K,S,05 (2 equiv) H,0; (4 equiv) PhCOOH 75 73
17 K,S,0g (2 equiv) H,0, (4 equiv) DCB 7 89

Reaction conditions: [a] 1a (0.1 mmol, 1.0 equiv), Pd(OAc), (0.005 mmol), oxidant (0.2 mmol, 2.0
equiv), HFIP (1.5 mL), 100 °C, 10 h; [b] 24 h; [c] Without Pd(OAc)2; [d] Using 1,4-dioxane as solvent;
[e] Using DCE as solvent. [f] Yield was based on GC using tridecane as the internal standard. [q]
Isolated yield. NFSI = N-Fluorobenzenesulphonimide. HFIP = hexafluoroisopropanol. TBPB = tert-
butyl peroxybenzoate. DTBP = di-t-butylperoxide. H,O, (35 wt.% solution in water). DCB= 3,5-
dichlorobenzoic acid.

7. Palladium-Catalyzed Amination Using NFSI As An Oxidant.

Pd(OAc); (5 mol%)
@/\O o) NFSI (2.5 eq)
FG ! NaOAc (0.5 eq)
A HN%NMe —reoneBel . o f NM
2 HFIP,100°C, 24 h Jﬁf €2
1 o]

A mixture of 1 (0.2 mmol, 1.0 eq), Pd(OACc), (2.2 mg, 0.05 eq), NFSI (157.6 mg, 0.5 mmol, 2.5 eq),
NaOAc (8.2 mg, 0.1 mmol, 0.5 eq) and HFIP (3 mL) in a 25 mL glass vial sealed with PTFE cap was
heated at 100 °C for 24 hours. The reaction mixture was cooled to room temperature, The crude

S8



reaction mixture was diluted with EtOAc (6 mL) and filtered on a pad of Celite. Then a spoon of silica
gel (0.2 g) was added and the filtrate was concentrated in vacuo. The resulting residue was purified by
column chromatography to give the product 2a-2p.

Compound 2a: white solid. *H NMR (400 MHz, CDCl3) & 12.32 (br s, 1H), 9.89 (s, 1H), 8.62 (d, J =
8.4 Hz, 1H), 7.66 (dd, J = 7.6, 1.6 Hz, 1H), 7.56 — 7.51 (m, 1H), 7.21 (m, J = 7.5, 1.0 Hz, 1H), 3.36 (s,
3H), 3.02 (s, 3H);. *C NMR (101 MHz, CDCl3) & 194.64, 161.43, 160.13, 139.00, 136.03, 135.60,
123.85, 122.62, 119.62, 38.31, 37.21. HRMS Calcd for C;1Hi12N,O; [M+H]*: 221.0926; Found:
221.0936.

Compound 2b: white solid . 'H NMR (400 MHz, CDCls) § 12.77 (br s, 1H), 10.51 (s, 1H), 8.56 (d, J =
8.5 Hz, 1H), 7.48 (t, J = 8.0 Hz, 1H), 7.00 (d, J = 7.5 Hz, 1H), 3.41 (s, 3H), 3.10 (s, 3H), 2.68 (s, 3H);
13C NMR (101 MHz, CDCl3) § 193.81, 162.00, 160.52, 143.43, 140.04, 135.99, 127.02, 120.47, 118.53,
38.53, 37.41, 19.32. HRMS Calcd for C1,H1sN205 [M+H]*: 235.1083; Found: 235.1084.

Compound 2c¢: white solid . *H NMR (400 MHz, CDCls) & 12.81 (br s, 1H), 10.63 (s, 1H), 8.67 (d, J =
8.5 Hz, 1H), 7.53 (t, J = 8.3 Hz, 1H), 7.23 (dd, J = 8.0, 0.9 Hz, 1H), 3.43 (s, 3H), 3.12 (s, 3H); °C
NMR (101 MHz, CDCls) 6 193.57, 161.50, 160.44, 141.45, 140.42, 136.43, 125.81, 119.04, 118.80,
38.58, 37.62. HRMS Calcd for C13;H1:CIN,O5; [M+H]*: 255.0536; Found: 255.0544.

Compound 2d: white solid . *H NMR (400 MHz, CDCls3) & 12.81 (br s, 1H), 10.53 (s, 1H), 8.75 — 8.69
(m, 1H), 7.46 — 7.42 (m, 2H), 3.43 (s, 3H), 3.12 (s, 3H); 3C NMR (101 MHz, CDCl3) § 196.07, 161.48,
160.31, 141.50, 136.49, 130.03, 129.33, 119.79, 119.49, 38.58, 37.63. HRMS Calcd for C11H1:BrN;O3
[M+H]*: 299.0031; Found: 299.0045.

o
Me |
o
N)H(NMeZ
H
(0]
2e
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Compound 2e: white solid. *H NMR (400 MHz, CDCl3) & 12.28 (br s, 1H), 9.91 (s, 1H), 8.57 (d, J =
8.5 Hz, 1H), 7.49 (d, J = 1.8 Hz, 1H), 7.41 (dd, J = 8.5, 2.0 Hz, 1H), 3.41 (s, 3H), 3.08 (s, 3H), 2.39 (s,
3H); C NMR (101 MHz, CDCl3) & 194.83, 161.79, 160.18, 136.86, 136.48, 136.41, 133.84, 122.84,
119.94, 38.51, 37.43, 20.65. HRMS Calcd for C;2H;4N203 [M+H]*: 235.1083; Found: 235.1093.

(0]
MeO |
(0]
N)H(NMQZ
H
o
2f

Compound 2f: white solid. *H NMR (400 MHz, CDCls) & 12.16 (br s, 1H), 9.94 (s, 1H), 8.66 (d, J =
9.0 Hz, 1H), 7.22 (d, J = 3.0 Hz, 1H), 7.18 (dd, J = 9.0, 3.0 Hz, 1H), 3.88 (s, 3H), 3.44 (s, 3H), 3.11 (s,
3H); *C NMR (101 MHz, CDCls) § 194.35, 161.88, 159.93, 155.99, 132.78, 123.91, 121.73, 121.54,
120.02, 55.87, 38.58, 37.52. HRMS Calcd for C12H14N,04 [M+H]*: 251.1032; Found: 251.1039.

o
o
NM
N)H( €2
H
o
29

Compound 2g: white solid. *H NMR (400 MHz, CDCl3) 6 12.38 (br s, 1H), 9.93 (s, 1H), 8.71 (d, J =
9.0 Hz, 1H), 7.70 (d, J = 2.5 Hz, 1H), 7.59 (dd, J = 9.0, 2.5 Hz, 1H), 3.45 (s, 3H), 3.12 (s, 3H); ©*C
NMR (101 MHz, CDCls) 8 193.46, 161.29, 160.20, 137.80, 135.67, 135.31, 129.25, 123.96, 121.54,
38.60, 37.70. HRMS Calcd for C11H;1CIN,O5; [M+H]*: 255.0536; Found: 255.0537.

[¢]
Br. l
[¢]
NM
[ IN)H( €2
H
(o]
2h

Compound 2h: white solid. *"H NMR (400 MHz, CDCl5) § 12.39 (br s, 1H), 9.92 (s, 1H), 8.65 (d, J =
8.9 Hz, 1H), 7.84 (d, J = 2.4 Hz, 1H), 7.73 (dd, J = 8.9, 2.3 Hz, 1H), 3.45 (s, 3H), 3.11 (s, 3H); *3C
NMR (101 MHz, CDCls) & 193.41, 161.28, 160.21, 138.57, 138.33, 138.25, 124.28, 121.76, 116.43,
38.61, 37.71. HRMS Calcd for C11H1:BrN,O3 [M+H]*: 299.0031; Found: 299.0034.

o
|
o
J\WNMe2

Me' N

H

o
2i

Compound 2i: white solid. *H NMR (400 MHz, CDCls) § 12.42 (br s, 1H), 9.92 (s, 1H), 8.56 (s, 1H),
7.60 (d, J = 7.8 Hz, 1H), 7.11 (d, J = 7.1 Hz, 1H), 3.43 (s, 3H), 3.11 (s, 3H), 2.46 (s, 3H); °C NMR
(101 MHz, CDCl3) 6 194.22, 161.81, 160.46, 147.62, 139.33, 136.29, 125.01, 120.93, 120.45, 38.57,
37.51, 22.55. HRMS Calcd for C1,H14N203 [M+H]*: 235.1083; Found: 2235.1093.

o
|
o
NM
£ N)H}/ €2
H
[¢]

2j
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Compound 2j: white solid . *H NMR (400 MHz, CDCl3) § 12.62 (br s, 1H), 9.93 (s, 1H), 8.51 (dd, J =
11.6, 2.1 Hz, 1H), 7.73 (dd, J = 8.5, 6.2 Hz, 1H), 6.98 (m, 1H), 3.45 (s, 3H), 3.12 (s, 3H); *C NMR
(101 MHz, CDCls) 8 193.27, 167.05 (d, Jcr = 256.0 Hz), 161.20, 160.48, 141.65 (d, Jc.r = 14.0 Hz),
138.57 (d, Jcr = 12.0 Hz), 119.75 (d, Jcr = 2.0 Hz), 111.36 (d, Jc¢ = 23.0 Hz), 107.63 (d, Jcr = 29.0
Hz), 38.58, 37.66; °F NMR (376 MHz, CDCl;) § -98.05. HRMS Calcd for Ci1H11FN,O3 [M+H]':
239.0832; Found: 239.0840.

o

|
o

NMe:.

cl N)Hf 2
N

o

2k

Compound 2k: white solid . *H NMR (400 MHz, CDCls) § 12.51 (br s, 1H), 9.93 (s, 1H), 8.98 (d, J =
1.4 Hz, 1H), 7.57 (d, J = 8.2 Hz, 1H), 7.45 (dd, J = 8.2, 1.8 Hz, 1H), 3.45 (s, 3H), 3.12 (s, 3H); $3C
NMR (101 MHz, CDCls) 6 193.81, 161.17, 160.28, 140.03, 137.04, 131.43, 127.35, 123.07, 121.57,
38.63, 37.74. HRMS Calcd for C1:H;1CIN,O5 [M+H]*: 255.0536; Found: 255.0550.

o
|
(o]
NMe.
Br N)H( 2
H
o
2|

Compound 21: white solid . *H NMR (400 MHz, CDCls) & 12.53 (br s, 1H), 9.94 (s, 1H), 8.81 (d, J =
1.8 Hz, 1H), 7.66 (d, J = 8.2 Hz, 1H), 7.28 (dd, J = 8.5, 1.4 Hz, 1H), 3.45 (s, 3H), 3.12 (s, 3H); 1*C
NMR (101 MHz, CDCl3) § 193.59, 161.18, 160.33, 142.59, 140.18, 137.05, 124.34, 121.25, 120.14,
38.62, 37.72. HRMS Calcd for Cy1HiyBrN,Os [M+H]*: 299.0031; Found: 299.0042.

[¢]

Me I
[¢]
)H(NMez

Me’ N

H

[e]
2m

Compound 2m: white solid . *H NMR (400 MHz, CDCls) § 12.31 (br s, 1H), 9.89 (s, 1H), 8.52 (s, 1H),
7.43 (s, 1H), 3.43 (s, 3H), 3.10 (s, 3H), 2.36 (s, 3H), 2.31 (s, 3H); °C NMR (101 MHz, CDCl3)
194.33, 161.93, 160.24, 146.17, 137.19, 136.93, 132.73, 121.22, 121.10, 38.55, 37.47, 20.84, 19.18.
HRMS Calcd for C13H16N203 [M+H]*: 249.1239; Found: 249.1253.

o}
Cl I
o}

NMe;

al N)J\[( 2
H

e}

2n

Compound 2n: white solid . *H NMR (400 MHz, CDCl3) 6 12.45 (br s, 1H), 9.90 (s, 1H), 8.95 (s, 1H),
7.78 (s, 1H), 3.46 (s, 3H), 3.12 (s, 3H); 3C NMR (101 MHz, CDCl3) § 192.56, 160.89, 160.12, 140.72,
138.10, 136.78, 127.73, 122.46, 121.96, 38.66, 37.86. HRMS Calcd for C11Hi0CIoN203 [M+H]™:
289.0147; Found: 289.0151.

S11



Compound 20: white solid. *H NMR (400 MHz, CDCl3) § 12.89 (br s, 1H), 8.76 (dd, J = 8.4, 0.6 Hz,
1H), 7.98 (dd, J = 8.0, 1.4 Hz, 1H), 7.65 — 7.59 (m, 1H), 7.26 — 7.21 (m, 1H), 3.46 (s, 3H), 3.14 (s, 3H),
2.71 (s, 3H); 3C NMR (101 MHz, CDCl3) § 201.99, 162.21, 160.49, 139.44, 134.82, 131.75, 123.54,
123.28, 120.83, 38.48, 37.30, 28.60. HRMS Calcd for Ci,Hi1sN.Os [M+H]": 235.1083; Found:
235.1093.

Compound 2p: white solid . 'H NMR (400 MHz, CDCl3) § 12.94 (br s, 1H), 8.97 (d, J = 1.9 Hz, 1H),
7.77 (d, J = 8.5 Hz, 1H), 7.33 (dd, J = 8.5, 1.9 Hz, 1H), 3.43 (s, 3H), 3.10 (s, 3H), 2.64 (s, 3H); 13C
NMR (101 MHz, CDCls) & 201.21, 161.64, 160.35, 140.35, 132.76, 129.73, 126.66, 123.62, 121.73,
38.54, 37.52, 28.59. HRMS Calcd for C1,H:sBrN,Os [M+H]*: 313.0188; Found: 313.0200.

8. Palladium-catalyzed Intramolecular §-C(sp?)-H amination using two oxidants.
Pd(OAC), (5 mol%)
H20, (4 eq) T
O/\ \H)J\ KS:052eq)  FOTT [ P
NMe, DCB(0.5eq) o N o
HFIP, 100 °C, 4-16 h

o
3 NMe,

A mixture of 1 (0.2 mmol, 1.0 eq), Pd(OAc), (2.2 mg, 0.05 eq), K»S,05 (241.6 mg, 2 eq), H.0, (68.0 ul,
0.8 mmol, 4 eq) and HFIP (3 mL) in a 25 mL glass vial sealed with PTFE cap was heated at 100 °C or
110 °C for 4-16 hours. The reaction mixture was cooled to room temperature and concentrated in vacuo.
The resulting residue was purified by column chromatography on silica gel to give the product 3a-3l.

Compound 3a: Pale yellow oily liquid . *H NMR (400 MHz, CDCls) § 7.85 (d, J = 7.9 Hz, 1H), 7.36 (t,
J=7.2Hz, 1H), 7.23 (dd, J=12.1, 4.6 Hz, 2H), 5.47 (s, 2H), 3.08 (s, 3H), 3.06 (s, 3H); *C NMR (101
MHz, CDCls) 6 162.94, 158.69, 134.99, 128.96, 127.88, 126.20, 121.65, 114.18, 73.51, 37.09, 33.80.
HRMS Calcd for C11H12N.O3 [M+H]*: 221.0926; Found: 221.0920.

Compound 3b: Yellow oily liquid .*H NMR (400 MHz, CDCls) § 7.62 (d, J = 7.5 Hz, 1H), 7.38-7.32
(m, 1H), 6.93 (t, J = 8.6 Hz, 1H), 5.51 (s, 2H), 3.08 (s, 3H), 3.06 (s, 3H); *C NMR (101 MHz, CDCls)
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§ 162.63, 159.03, 156.70 (d, Jor = 247.0 Hz) ,137.45 (d, Jor = 3.0 Hz), 131.42 (d, Jor = 7.0 H2),
114.60 (d, Je.r = 24.0 Hz), 113.22 (d, Jor = 19.0 Hz), 110.08 (d, Je.r = 2.0 Hz), 71.33, 37.13, 33.90;
F NMR (376 MHz, CDCl3) § -116.90. HRMS Calcd for Cy3HyFN,Os[M+H]": 239.0832; Found:
239.0841.

Compound 3c: Yellow oily liquid . 'H NMR (400 MHz, CDCl3) § 7.72 (d,J = 7.6 Hz, 1H), 7.31 (t, J =
8.0 Hz, 1H), 7.18 (d, J = 8.0 Hz, 1H), 5.47 (s, 2H), 3.07 (s, 3H), 3.06 (s, 3H); *C NMR (101 MHz,
CDCls) § 162.55, 159.10, 136.47, 130.72, 128.01, 126.50, 126.08, 112.32, 73.10, 37.11, 33.88. HRMS
Calcd for Cy1HyCIN,O5 [M+H]*: 255.0536; Found: 255.0539.

Compound 3d: Yellow oily liquid . 'H NMR (400 MHz, CDCls) § 7.76 (d, J = 7.6 Hz, 1H), 7.33 (d, J =
7.8 Hz, 1H), 7.24 (t, J = 7.9 Hz, 1H), 5.42 (s, 2H), 3.07 (s, 3H), 3.06 (s, 3H); *C NMR (101 MHz,
CDCls) & 162.46, 159.09, 136.19, 130.76, 128.78, 128.58, 115.48, 112.72, 74.37, 37.05, 33.82. HRMS
Calcd for C13HyBrN,O5 [M+H]*: 299.0031; Found: 299.0042.

Compound 3e: Pale yellow oily liquid . *H NMR (400 MHz, CDCl3) & 7.65 (d, J = 7.8 Hz, 1H), 7.27—
7.23 (m, 1H), 7.00 (d, J = 7.6 Hz, 1H), 5.41 (s, 2H), 3.06 (s, 3H), 3.04 (s, 3H), 2.25 (s, 3H). °C NMR
(101 MHz, CDCl3) & 163.06, 158.66, 134.72, 132.20, 129.15, 127.25, 126.76, 111.57, 73.07, 37.13,
33.85, 18.68. HRMS Calcd for C1,H1aN2O3[M+H]*: 235.1083; Found: 235.1089.

Compound 3f: Yellow oily liquid . *H NMR (400 MHz, CDCls) § 7.77 (d, J= 8.3 Hz, 1H), 7.33 (d, J =
8.4 Hz, 1H), 7.23 (s, 1H), 5.44 (s, 2H), 3.07 (s, 3H), 3.05 (s, 3H); *C NMR (101 MHz, CDCls) §
162.65, 158.85, 133.94, 131.51, 129.77, 129.17, 122.12, 115.12, 73.12, 37.16, 33.93. HRMS Calcd for
C11H11CIN2O3 [M+H]*: 255.0536; Found: 255.0537.
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Compound 3g: Yellow oily liquid . *H NMR (400 MHz, CDCl3) § 7.72 (d, J = 8.3 Hz, 1H), 7.47 (d, J =
8.3 Hz, 1H), 7.39 (s, 1H), 5.44 (s, 2H), 3.07 (s, 3H), 3.05 (s, 3H); *C NMR (101 MHz, CDCls) §
162.63, 158.89, 134.42, 132.07, 130.07, 124.99, 118.87, 115.48, 72.99, 37.16, 33.92. HRMS Calcd for
C11H11BrN2O3 [M+H]*: 299.0031; Found: 299.0040.

Compound 3h: Yellow oily liquid .*H NMR (400 MHz, CDCls) § 7.92 (d, J = 8.1 Hz, 1H), 7.64 (d, J =
8.3 Hz, 1H), 7.52 (s, 1H), 5.52 (s, 2H), 3.08 (s, 3H), 3.06 (s, 3H); C NMR (101 MHz, CDCls) §
162.36, 159.26, 137.81, 128.61 (q, Jcr = 32.0 Hz), 127.86 (d, Jc-r = 6.0 Hz), 126.87 (q, Jcr = 3.0 Hz),
123.77(d, Je.r = 270.0 Hz), 119.21, 114.04, 73.20, 37.09, 33.88; F NMR (376 MHz, CDCls) § -61.97.
HRMS Calcd for C12H11F3N203 [M+H]*: 289.0800; Found: 289.0813.

Compound 3i: Pale yellow oily liquid. *H NMR (400 MHz, CDCl3) § 7.68 (s, 1H), 7.11 (d, J = 7.7 Hz,
1H), 7.02 (d, J = 7.7 Hz, 1H), 5.41 (s, 2H), 3.06 (s, 3H), 3.04 (s, 3H), 2.39 (s, 3H); **C NMR (101 MHz,
CDCls) 6 163.04, 158.60, 139.42, 135.23, 126.97, 125.13, 121.28, 114.75, 73.52, 37.12, 33.85, 21.57.
HRMS Calcd for C12H14N,03 [M+H]*: 235.1083; Found: 235.1088.

Compound 3j: Brown oily liquid. *H NMR (400 MHz, CDCl3) & 7.59 (d, J = 8.2 Hz, 1H), 7.18 (dd, J =
8.2, 4.9 Hz, 1H), 6.92 (m, 1H), 5.43 (s, 2H), 3.07 (s, 3H), 3.05 (s, 3H); *C NMR (101 MHz, CDCl5)
8162.98 (d, Jc-r = 245.0 Hz), 162.56, 158.91, 136.39 (d, Jc.r = 12.0Hz), 123.19 (d, Jcr = 3.0 Hz),
122.59 (d, Jc.r = 10.0 Hz), 113.01 (d, Jcr = 24.0 Hz), 102.68 (d, Jc.r = 29.0 Hz), 73.37, 37.12, 33.88.
F NMR (376 MHz, CDCl3) § -111.63. HRMS Calcd for Cy3H1:FN,O3 [M+H]*: 239.0832; Found:
239.0838.

Compound 3k: Brown oily liquid. *H NMR (400 MHz, CDCl3) § 7.87 (s, 1H), 7.20 (dd, J = 8.1, 1.7
Hz, 1H), 7.16 (d, J = 8.1 Hz, 1H), 5.43 (s, 2H), 3.07 (s, 3H), 3.05 (s, 3H); *C NMR (101 MHz, CDCl5)
8 162.53, 158.97, 136.27, 134.95, 126.36, 126.27, 122.50, 114.58, 73.36, 37.14, 33.91. HRMS Calcd
for C11H11CIN,O3 [M+H]*: 255.0536; Found: 255.0548.
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Compound 3l: Brown oily liquid .!H NMR (400 MHz, CDCls3)  8.02 (s, 1H), 7.35 (dd, J = 8.0, 1.6 Hz,
1H), 7.12 (d, J = 8.0 Hz, 1H), 5.41 (s, 2H), 3.07 (s, 3H), 3.05 (s, 2H); **C NMR (101 MHz, CDCls) §
162.47, 158.90, 136.33, 129.14, 126.95, 122.90), 122.47, 117.18, 73.37, 37.08, 33.85. HRMS Calcd for
C11H11BrN2O5 [M+H]*: 299.0031; Found: 299.0041.

9. The removal and transformation of directing group.

9.1 The removal of directing group ©

o)
KOH (4 eq) |
MeOHH,0=1:1_
NM
J\”/ ©2 80°C 16h
NH

4

2

Compound 4: 2a (66.0 mg, 0.3 mmol, 1.0 eq) was dissolved in a mixture of MeOH/H,0O
(1:1) 2 mL, KOH (67.3 mg, 1.2 mmol, 4.0 eq) was then added. The mixture was heated to
80 °C and stirred for 16 hours. Water was added and the mixture was extracted with DCM.
The combined organic layers were washed with water and brine, dried over anhydrous
Na,SO4, and concentrated in vacuo. The residue was purified by column chromatography
on silica gel to give the product 4 (30.9 mg, yield 88%), Pale yellow solid *H NMR (400 MHz, CDCls)
89.86 (s, 1H), 7.47 (d, J = 7.6 Hz, 1H), 7.29 (dd, J = 15.3, 7.8 Hz, 1H), 6.74 (t, J = 7.3 Hz, 1H), 6.64
(d, J = 8.3 Hz, 1H), 6.14 (br s, 2H); **C NMR (101 MHz, CDCl3) & 194.16, 150.00, 135.79, 135.27,
118.86, 116.40, 116.09. C;H;NO CAS: 529-23-7.

9.2 Synthesis of quinoline or quinazoline derivatives 5, 6, 7, 8 through transformation of directing
group.

80°C,over night

i
a, KOH (4 eq) )J\/U\ N
M
d 1 MeOH:H,0=1:1 OEt _ S

N)H‘/NMez b, piperidine, EtOH, Z

H

o
2a

. Compound 51 : Step A: 2a (66.0 mg, 0.3 mmol, 1.0 eq) was dissolved in a
@[j: mixture of MeOH/H,0=1:1 (2 mL), KOH (67.3 mg, 1.2 mmol, 4.0 eq) was added.
cooet | The mixture was heated to 80 °C and stirred for 16 hours. Water(1ml) was added

5 and the mixture was extracted with DCM. The combined organic layers were
washed with water and brine, dried over anhydrous Na,SOs, and concentrated in

vacuo. The residue was purified by column chromatography on silica gel to give o-
Aminobenzaldehyde. Step B: The title compound (30.9 mg, 0.26 mmol)from step A and molecular
sieves 4 A (0.1 g), absolute ethanol (1 mL), ethyl acetoacetate (40.0 uL, 0.31 mmol, 1.2 equiv) and
piperidine in catalytic amount was stirred at 60 °C for 24 hours. The solution was diluted with CH,Cl,
and molecular sieves were filtered on a pad of Celite. The mixture was concentrated in vacuo and the
resulting residue was purified by flash column chromatography to give the product 5 as a yellow solid
(48.4 mg, yield 75 %). *H NMR (400 MHz, CDCls3)  8.69 (s, 1H), 8.01 (d, J = 8.5 Hz, 1H), 7.82 (d, J
=8.0 Hz, 1H), 7.74 (m, 1H), 7.50 (t, J = 7.5 Hz, 1H), 4.41 (q, J= 7.1 Hz, 2H), 2.97 (s, 3H), 1.43 (t, J =
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7.1 Hz, 3H); 3C NMR (101 MHz, CDCl3) § 166.50, 158.45, 148.61, 139.86, 131.63, 128.53, 128.46,
126.50, 125.75, 123.91, 61.38, 25.71, 14.35. HRMS Calcd for C13H13NO, [M+H]*: 216.1025; Found:
216.1037. C13H13N02 CAS: 15785-08-7.

EtOOC CN N NH,
AN
)H‘/NMez EtOH,Piperidine, _
4A MS,60 °C ,24 h COOEt

Compound 6%: A mixture of 2a (66.0 mg, 0.3 mmol, 1.0 equiv), molecular sieves 4

@KNJV\NHE A (0.1 g), absolute methanol (2 mL), ethyl cyanoacetate (38 uL, 0.36 mmol, 1.2

“coort| €QuiV) and piperidine in catalytic amount was stirred at 60 °C for 24 hours. The

6 solution was diluted with CH,Cl, and molecular sieves were filtered on a pad of

Celite. The mixture was concentrated under vacuum and the resulting residue was purified by flash

column chromatography to give the product 6 as a yellow solid (56.4 mg, yield 87%). *H NMR (400

MHz, CDCl3) & 8.68 (s, 1H), 7.65 (d, J = 8.0 Hz, 1H), 7.62 — 7.56 (m, 2H), 7.22 (m,1H), 6.67 (br s,

2H), 4.40 (g, J = 7.1 Hz, 2H), 1.43 (t, J = 7.1 Hz, 3H); *C NMR (101 MHz, CDCls3) § 166.65, 156.72,

150.23, 142.66, 132.62, 129.11, 125.63, 122.76, 122.47, 110.34, 61.42, 14.38.  Ci,H12N,0O, CAS:
36926-83-7.

2N CN N
)H(NMez MeOH, Piperidine, /)\
N NH

4A MS, 60 °C, 24 h
7

Compound 78!: A mixture of 2a (66.0 mg, 0.3 mmol, 1.0 equiv), molecular sieves 4

N\\rNHz A (0.1 g), absolute methanol (2 mL), cyanamide (24 uL, 0.36 mmol, 1.2 equiv) and

@QN piperidine in catalytic amount was stirred at 60 °C for 24 hours. The solution was

7 diluted with CH,CIl, and molecular sieves were filtered on a pad of Celite. The

mixture was concentrated under vacuum and the resulting residue was purified by flash column

chromatography to give the product 7 as a yellow solid (31.4 mg, yield 72%). *H NMR (400 MHz,

CDCl3) 8 9.04 (s, 1H), 7.75 — 7.69 (m, 2H), 7.58 (d, J = 8.9 Hz, 1H), 7.32 — 7.27 (m, 1H), 5.29 (br s,

2H); 3C NMR (101 MHz, CDCls) 6 162.69, 160.25, 152.06, 134.63, 127.70, 125.53, 123.44, 120.52.
CgH;N3 CAS :1687-51-0

(o}
N
NH; (2M in MeOH) X N,
NMe.
)kﬂ/ 2 80°C over night _N

8a

Compound 8al®l: A solution of Ammonia (2 M in methanol)(0.5 ml, 1.0 mmol)
was dropwise with reusable syringe in a 25 ml glass vial with 2a (66.0 mg, 0.3
mmol, 1.0 eq) at 0 °C in 5 mins. Then the tube was sealed and heated at 80 °C,
over night. The mixture was cooled to room temperature and filtered on a pad of
Celite. The filtrate was concentrated in vacuo, and the resulting residue was
purified by flash column chromatography to give the product 8, yield 92 % . Colorless oily liquid . *H
NMR (400 MHz, CDCl3) 6 9.45 (s, 1H), 8.06 (d, J = 8.5 Hz, 1H), 7.95 (t, J = 7.7 Hz, 2H), 7.70 (t, J =
7.5 Hz, 1H), 3.17 (s, 3H), 2.97 (s, 3H); *C NMR (101 MHz, CDCls3) § 167.18, 161.00, 158.62, 149.78,
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134.95, 128.80, 128.69, 127.32, 124.27, 38.46, 35.13. HRMS Calcd for C1:H11NsO [M+H]*: 202.0980;
Found: 202.0989. C11H1:N3O CAS:1373887-71-8.

10. Synthesis of quinazolines from benzyl alcohols in one pot.

Pd(OAG), (5 mol%)
NFSI (2.5 eq) o

FG—l X ? 0 NaOAc (0.5 eq) NH;3(2 M in MeOH) N N\
P> HN\[HL - Foll NMe,

o
NMe, HFIP, 100 °C, 24 h 80 °C, over night A _n
1 o 8

A mixture of (N,N-dimethyl)oxamoyl amide-protected benzyl alcohol substrate (0.3 mmol, 1.0 eq),
Pd(OAC)2 (2.2 mg, 0.05 eq), NFSI (156.7 mg, 0.75 mmol, 2.5 eq), NaOAc (12.3 mg, 0.15 mmol, 0.5 eq)
and HFIP (4.5 mL) in a 25 mL glass vial sealed and heated at 100 °C for 24 hours. Then the reaction
mixture was cooled to room temperature, a solution of 0.5 ml ammonia (2 M in methanol) was
dropwised with reusable syringe at 0 °C in 5 mins, After stiring anther 5 mins, the glass vial was heated
at 80 °C, over night. The mixture was cooled and filtered on a pad of Celite. The filtrate was
concentrated in vacuo, and the resulting residue was purified by flash column chromatography to give
the product 8a-8f .

@Q%W

Compound 8b: Pale yellow oily liquid. *H NMR (400 MHz, CDCl3) § 9.36 (s, 1H), 7.99 (d, J = 9.2 Hz,
1H), 7.61 (dd, J = 9.2, 2.8 Hz, 1H), 7.18 (d, J = 2.7 Hz, 1H), 3.98 (s, 3H), 3.20 (s, 3H), 3.01 (s, 3H);
13C NMR (101 MHz, CDCls) § 167.44, 159.39, 159.13, 156.80, 146.08, 130.29, 128.21, 125.53, 103.93,
55.99, 38.64, 35.33. HRMS Calcd for C1,H13N30, [M+H]*: 232.1086; Found: 232.1094.

CQ%

Compound 8c¢: White solid. *H NMR (400 MHz, CDCls) § 9.46 (s, 1H), 8.09 (d, J = 1.8 Hz, 1H), 7.94
(d, J = 8.7 Hz, 1H), 7.69 (dd, J = 8.7, 1.9 Hz, 1H), 3.21 (s, 3H), 3.01 (s, 3H); *C NMR (101 MHz,
CDCls) § 166.84, 160.80, 159.50, 150.33, 141.43, 130.14, 128.64, 127.88, 122.65, 38.47, 35.21.
HRMS Calcd for Cy;HioCINSO [M+H]*: 236.0591; Found: 236.0602.

¢}

Br. N
S NMe,
N

8d

Compound 8d: White solid.*H NMR (400 MHz, CDCls) & 9.45 (s, 1H), 8.28 (d, J = 0.7 Hz, 1H), 7.85
(d, J=8.6 Hz, 1H), 7.82 (dd, J = 8.7, 1.7 Hz, 1H), 3.20 (s, 3H), 2.99 (s, 3H); *C NMR (101 MHz,
CDCl3) 8 166.84, 160.98, 159.47, 150.42, 132.69, 131.31, 130.04, 128.51, 122.90, 38.49, 35.23.
HRMS Calcd for C11H10BrN3O [M+H]*: 280.0085; Found: 280.0084.

ﬂ%m
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Compound 8e: White solid. *H NMR (400 MHz, CDCls) § 9.41 (s, 1H), 8.22 (s, 1H), 8.10 (s, 1H), 3.20
(s, 3H), 2.98 (s, 3H); °C NMR (101 MHz, CDCls) 5 166.60, 159.97, 159.51, 148.44, 140.40, 133.86,
130.08, 127.90, 123.18, 38.48, 35.26. HRMS Calcd for CiiHeCloN:O [M+H]*: 270.0201; Found:
270.0214.

o

N
_N
cl

8f

Compound 8f: White solid. 'H NMR (400 MHz, CDCls) § 9.40 (s, 1H), 8.03 (d, J = 9.0 Hz, 1H), 7.96
(d, J =21 Hz, 1H), 7.88 (dd, J = 9.0, 2.3 Hz, 1H), 3.18 (s, 3H), 2.98 (s, 3H); *C NMR (101 MHz,
CDCl3) 6 166.85, 160.09, 158.80, 148.30, 136.02, 134.64, 130.49, 126.01, 124.73, 38.48, 35.22.
HRMS Calcd for C11H10CIN3O [M+H]*: 236.0591; Found: 236.0600.

11. Preliminary mechanism study: role of NFSI

(e}
(:\VN\/O contion A | o)
//\'\(O N )S( NMe,
o H 5
2a

NMe,
3a
Entry Pd(OAC), NFSI NaOAc GC  Yield
(%)
1 5 mol % — —
2 — 25¢eq — 53
3 — — 0.5eq 0
4 5 mol % 2.5¢q — 64
5 5 mol % 2.5eq 0.5eq 83
6l — 2.5¢eq — 67
71 — 2.5¢eq 0.5eq 80

Condition A: 3a (0.1 mmol, 1leq), Pd(OAc) (0.005 mmol), NFSI (0.25 mmol, 2.5 eq), NaOAc (0.05
mmol, 0.5 eq), 12 h. [a] 24 h. Yield was base on GC using tridecane as the internal standard.

12. Proposed catalytic cycle for Palladium-catalyzed
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[I N
Hy/
VY
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C-H
activation

HOAc

13. References

[1] G. He, C. Lu, Y.S. Zhao, William A. Nack and G. Chen, Org. Lett.,2012,14, 2944-2947.
[2] Lukas O. Dialer, Svetlana V. Selivanova, Carmen J. Miller, A. Mdiller, T. Stellfeld, K. Graham,
Ludger M. Dinkelborg, Stefanie D. Krdmer, R. Schibli, M. Reiher and Simon M. Ametamey, J.
Med. Chem., 2013, 56, 7552—7563.
[3] L.H.Zhou, W.J. Lu, Org. Lett., 2014, 16, 508-511.
[4] C.Wang, C.P. Chen,J. Y. Zhang, J. Han, Q. Wang, K. Guo, P. Liu, M. Y. Guan, Y. M. Yao, and
Y. S. Zhao, Angew. Chem. Int. Ed. 2014, 53, 9884 —9888.
[5] K Guo, X. L. Chen, M. Y. Guan and Y. S. Zhao, Org. Lett. 2015, 17, 1802—1805.
[6] W. Williams, X. Sun and D. Jebaratnam, J. Org. Chem. 1997, 62, 4364-4369.
[71 Q. Shen, L. M. Wang, J. J. Yu, M. T. Liu, J. Qiu, L. Fang and F. L. Guo, Synthesis. 2012, 44,
389-392.
[8] G. Viault, D. Gree, T. Roisnel, S. Chandrasekhar and R. Gree, Tetrahedron, 2009, 65, 10149-
10154.
[91 Edmondson, Scott, D.. novel pyrrolidine derived beta 3 adrenergic receptor agonist [P].
US2011025690, 2011-03-03.

S19



14. NMR spectra

(=] [=] (=] (=] [=] (=] [=] [=] (=] [=] (=] (=1 [=] (=] (=]
2 £ 5 8 S 88 E 3538588 88888888 88 8 g s o e o o e o o = o o o o
9 8 g 8 2 8 5 8 8 3909 093 8 8 2 88238 8828 o ¢ B # 3 i B 4 S [ B [ 8 ] E] 2 =
o
7 [a
=
L=
(=]
-
=
F5 paal
- E.RW
G — -00'Zf = 8y il
ot iy
5241 e
5L -
9L FSE
622 &
ov' L1 Lo
L -
v i e .
, _ SPTZl
M“Mur - zZ0'p| mh.mﬁ/
oyl . Hftw = ww_mm;
w24 S0bL= %_mﬁw
52 — =Z0'l 17621 ]
il — —— =601 ceselYy
ze'L E '
£8 L o osiel
o g e 8zebly
Lred o LV EPL
mqi o
PP L POZIL— -
zZe0l— —_— ermo‘m
= L

50 30 10 -10

70

T
100

£l (ppm)

T
110

T T T T
200 190 180 170

T
210

S20



30000

25000

20000

F15000

10000

5000

1500
1400

1300

1200

1100

1000

(900

800

700

600

500

400

300
F200
F100

6L —

egp—

0g'L
LE'L
wm.h\

SL0L—

=loe

=00'Z

=0's

Feovf

2.0 1.5 1.0 0.5 00

2.5

3.0

3.5

4.0

4.5

9.5

10.5

12.5

856l —

ve'9L
9l'LL
ap'il
98'4L

56924
mw,mm@n
¥8'8Z)

segel”

SZ'891—

180 170 160 150 140 130 120 110 100 90
1 (ppm)

190

S21



sl

(=] [=] (=1 o [=] [=] (=1 [=]
= g g 2 g g g g 8 = - o = o o o o = - o
% S L 2 5 g k] g 2 = z 18 2 L E] o A 5 =2 o) =
. IU
(=]
L=
Sbb— = =06 "
Lo 0giz—
o
e 9L'8e—
o
Lo va9L
- 9Ll
| e 8p L
N L08L
06— — — -wzle
-8
oF
[ w
9z .
SEL e
98 -
9g4 P 04821y
184 - , 68821 -
gt s - q T0ELe 762l
[ - LE'8EL
BEL et
GZ8— - TPEOr
=
i BL9LL—
=]

-10

50 40 30 20 10

60

200 190 180 170 160 150 140 130 120 110 100 a0 30
£l (ppm)

210

S22



O/N\n/NMezl

Siv

- - . - - - - - - -
g g 8 & & s & = 8 g8 8 g2 8 8 8 8 o o o 8 o e o o e
i B i e # = & = & = = = = a B = = = = 2 2 B S = 5 B =

Inu
(=1
=
(=)
| =
L z.18e—
62— -209/
L=
L= rg'aL
, e al'LL
“ 9L'LL

621 Lo

0g'L

0g'L -uw

KL 7

£g'L Lo

ve'L

8g'L L=

LeL 0%

i —— = ™
MMM AE_N-L mm.nwrw )
, . rl'8zl
16 L— - 860l = g7
o el
(=)
Lo poBsl— -
=

12.5

30 10 -10

50

T T T T T T T T T T
180 180 170 160 150 140 130 120 110 100
£1 (ppn)

T
200

T
210

S23



H (o}
_N
(e) %NMeZ
(¢]
1a

FaBuy

36000

—1046
743
742
741
741
738
724
733
7.33
732

—4.93

—3.18

—2.89

34000
F32000
30000
28000
[ 26000
24000
F22000
20000
r18000
F16000
14000
F12000
F10000
8000
F6000
4000

2000

F-2000

2.97—<
3.02—=

200 b
o b
(

T T T T T
4.5 4.0 3.5 3 25 20 1.5 L0 0.5 00 -0.5

£90.951 =

o
©
o
o |
o
o
o
oo
=)
-1
o
-
=]
o
o
=3
=]
o
o
o
=)

12.5 1.5

=]

28000

—161.59
~159.15
134.81
f129.19
128.67
12840
78.19
7748
77.16
76.84
~37.79
~-35.92

£
/
¥

F 26000

24000

22000

20000

[ 18000

16000

14000

12000

10000

1 8000

6000

i 4000

| 2000

T T T T T T
170 160 150 140 130 120 110 100 80 80 70 60 50 40 30 20 10 o
£l (ppm)

S24



Me

o o O o o O o O o o O 9 o 9 o o
(=R = T =T = R == R e R R o N = D <= .= T = T == Ry [ e [ e [ R e B == I = D =T = ) <=1
QO O O QO O O O 0 O O C O 0 O O C 9O O O O 9O <=1 (=] o o [e=) o
O N — O Oy 0 M~ ©O W 3 O 0N - O 0O o0 o O o oo o c - &N [=) el [=) 'y} o o
SALIAH I R S L NI e L Y A i JPR B | il ko o b by P
0
| <
u
ros
L w
L 1598~
£L'887
wy
i
9 — =gl #9'55—
lgg— ———— - 6L
2]
ggg— — ) aege BLEL
3 ve9L -
JLL
K 8riL
Z06— —_— — =0Zf
E
L e
689 e
mmm r 9.0k —
WMM F zo0z)~
96'g _— _ reozl FEELL
N U LS0EL, _
gL I - 210z o B LEL
L [~
£e'L |
S€'4
WMM LS s -
08854
L 6L19)
Y
896 —_ -= tego| @
0
[

1.5

170 150 130 110 9 80 70 60 50 30 20 10 -10

180

210

f1 (ppm)

525



Cl

y
_N
(0] %NMez

14000

-7.31
7.30
7.29
7.29
728
7.26

—988
753
751
750
741
741
740

Jr740

1739

V72¢

—5.11

—3.34

298

F13000
F12000
F11000
j( [} F10000
F9000
8000
F7000
6000
5000
4000
3000
2000

1000

f_

2007

1000

43.02—=

mimm-[ -
=

2.00—
o l296=

~

1.01
o 11,03

=R
5]

15 5 85 6.5

55
1 (ppm)
190y

F1800

160,88
~159.14
124,59
132,76
7.131.30
120,32
129.81
127.13
77.48
77.16
76.84
74.83
3818
3673

J
{
/
i

F1700
F1600
1500
1400
1300
1200
1100
1000
900
800
700
600
| F500
400

F300
200
F100

F-100

180 180 170 160 150 140 130 120 110 100 f?? ?D 70 60 50 40 30 20 10 0 -10
ppm

S26



Br

g g8 =8 g 8 8 =8 8 =8 g2 8 8 o 2 g g 2 - - - o - - - - o
5 &8 ® 8 & & ® & §®§ =& =8 & B o = ] 3 s g g g g 2 g g g g -
-
=]
=
Le
- 7998~
e 9,88~
16T— |UL =90'eF2
Zee— 96| w
L=
o pEaL
= gl V
o : I N I Em
€05 00Z[ s -
o8
504 -
104 o
oL @
s Lo
Sk
L Wkl e
9z i~k — oL
el R— E w,woe-s.
e LCR sepTly
) ERY N -
by W TP
iy E A - =
, S0EEL =
gri Lo ey
s LSPEL
0L8— — A Fesol ™
L  SLBSI~ -
S zolel- -

-10

130 130 120 110 100
£l (ppm)
S27

T
150

170

T
180




o (=] [=] [=] (=] [=] (=]

E 8 8 &8 8 8 & 8 8 8 8 8 8 8 8 B 8 g 8 8 8 8 8 8 8 8 8 8 o
85 3 3 9 4 2 8 g2 8 8 2 5 8 8 = = 7 B B 8 2 I S # = Al 5l 9 E =2 <
S
,

.M E
e
L=
L=
Lo 1Z98~
- 854877
ez — =z0el e
prg— ————— ren: -
(=]
IV
005— _— == 007} 2 LR E
, gLiL
RS hie 8y LL
£0'L7 .
90 L1 e
0L i <8
s Lo E
Q,TF gL o
8¢ 4| e gL+ .
8T L I — o le  O7EH
omsuﬁ B - pgo E.mif
ze L . ozl
€81 e qN,NNLﬁ ﬁ
€eL o PEVTAL —
£ L fes 2221
5 2 o S80E
s (& pEOEL
[ M8
S SgEl
1ZoL— — -Awwm,c -
[ 1zesk
mm%fw —
r 5€191 —
[ orzer/

130

150

110 100

120

140

180 170 160

180

1 (ppm

528



-117.88

6000

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

-0

T T T T T
-150 -170 -190 -210 -230 -250 -270 -290
£l (ppm)

T T T T T T T T T T T T
o -10 -20 -30 -40 -30 -60 -TO -80 -90 -110 -130

H
Me _N
O W)LNMez

22000

10,02

|

727
727
725
7.24
7.23
7.21
7.20
7.16
7.14
4.90
—327
—294
—235

21000
20000
F19000
18000
F17000
[ F16000

15000
14000
13000
12000
11000

10000

8000

7000
5000
4000

3000

F1000

~40.86==—

=R S SS o 1000
o™~ — o™ (s B ] ©
AL

5

T T T T T
12.5 1.5 10.5 8.5 9.0 85 80 75 7.0 65 60 55 50 4.5 40 35 3.0 2

S29



8500

F8000

F6500

6000

F5500

5000

4800

4000

3500
F3000
2800
2000
F1500
r1000

Fe00

=500

9ez—

£E9e~
Loee-"

a9l
9 ﬁtw
8piL
om,mn.\.

mm,wmﬁ
25'8C j/.
So'6Zl
66'6Z1
€LPE r$
£eecl

0L'65 1~
62191

T
120

130

-10

00 90
£l (ppm)

110

180 170 160 150 140

190

Cl

(=] [=] (=] o (=] o [=] (=1 [=] [=] (=] [=] o
8 8 2 8 8 2 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 g
H B 2 8 5 8 8 3 9 8 0 8§ 8 8 2 8 8 % 8 8 2 o 7
peg— —————————— JTE.M
g ————— gwmm_m
06'p— —_ ——7m00Z
9z'L
8T'L
BTN — - »Z0'C
gL — J#Se
ze'L
WL
zhokl— — ——=FZ6'0

T
-0.5

0.5

1.5 L0

2.0

S30

8.0

9.5

1.5




-800
El

F700

r6a0

600

-850

500

r4a0

400

350

r300

r2s0

F200

150

rloo

ap'9c~
608

P89l
9l'iL
apiL
PSAL

8z Lzl
mc,mme
mf,mm:ﬁ
mm,mmf\
om,qu\\.
66'9¢)

61651~
ZZ 9L

-10

140 130 120 110 100 90

150

£l (ppm)

Br.

28000
26000

F24000

22000

20000

18000

16000

14000

12000

10000

8000
4000
2000

6000

F-2000

00'e—
£Le—

6 —

9Z'L
LZ'L
6Z'L
LE'L
gl
ov'L
052
5L
9L

8L'0L—

=g0'e
=8z

=00'¢

Freo

0.0

.0 0.5

T T
40 35 3.0 25 20 1.5

T
4.5

T
55 5.0
£l (ppm)

T
6.0

7.0 6.5

9.0 85 8.0

T
9.5

1.5

S31



12000

F11000

10000

9000

8000

F7000

6000
5000
(4000
3000
2000
F1000

1000

62°9¢~
008e"

pagL
9l'iL
SELL
8priL

05224
0442}
t,om»
z8'1el
mm;@.
52481

8L'651L~
oF'isL—

-10

40 30 20 10

50

140 130 120 110 100 90 0
£l (ppm)

150

180 170

180

MeO

1i

u o u u n
g g g g 2 2
g & g & ! g -
- ———————— ~10'g
gre— ——— - =00'q
e— ————— ~90'q
8g'v— —— —— -0
3’
v’
59'9
98'9 R— B s
€69 07
55'9 - ~o0°
2T
vZ'4
874
e o —  E87

0.0

0.5

2.0 1.3 L0

T
2.5

30

T
3.8

4.5

5.0

6.0 545

6.5

T
8.5 &80

8.0

£l (ppm)

S32



400
380

360

340

F320

300

280

260

240

F220

200

180

F160

F140

F120

F100

CL'9e~
LELE

S2585—

a9l
9l'LL
8Ll
6l8L

ETPLL#
w@.v_;‘\
Selgl—
L9621 —
8e'9eL—

9l'65l
_‘Hmme
av'iol

a0 30

T
100

T
180

T
190

£l (ppm)

F3C

& 8 8 8 8 &8 8 8 8 8 8 8 =
8 8 B 8 % s ® 8 ® 8 &8 2 8 o
e
Lo
sez— =Z0'¢ 1,
e ————————— Uquo.m
o - I A
00's =002
Fwe
8z'L
8rL
05'L -
75l o a0l
09L — = 3202
z9L 80|
9L
B89L
e
ZZ0L— — —=E00')

£l (ppm)

S33



6500

6000

5500

5000

4500

4000

3500

3000

2500

2000

1500
F1000

500

25000
24000

23000

22000

(21000

[-20000

18000

18000

17000

16000

15000

14000

13000

12000

(11000

10000

9000

[-8000

FT000

(6000

5000

4000

3000

2000

1000

1000

eP9e~
S0'8e"

P'9L
I
ap'il
SS'4L

168k
892211
6ESZL
89'6Z 1
LGZL
8521
18621

60'8CL—

zT 6Tl
£5'0€)
58'0€L
LL1EL]
05 b€ L
LGZEL]

f

s

€0'9EL-

PEES I~
8zl

T T T T
-105 -110 -115 -120 -125

-100

T
95

-80

o

T
-7

&
1 opm)

T
-40 -50 55 60

-30

-20

S34



Me

[=] (=] [=] [=] (=] [=] [=] o [=] (=] o [=] (=] (=1 [=] (=] (=]
€ 5 £§E 8 3 § 8 8 8 8 8 8 8 8 &8 8 8 8 8 8 g g g g g 3 s g -
S 8 8 7 H £ B & ¥ 8 & = & I 8 5 8 8 3 B o § E 8 2 g g g g 2 -
L o
T
Lo
(=]
=]
o ]
=]
Le Lo
- 8L LT =
L= "
o
[ed rg9e-.
9gg— —mM——— Qwa_m-s §l'8E" s
16E— =862 Fa
Zee—- ———————— “mem.m o
L= g
Le
N Le
Le re'9L
=T
06 7 — -|Lr8.m‘m avis s
preL
Lea
w
-8
[
VL - -
6l L 90T -
9z i~ P — N HM%mme .
0g'L Fe Lo
ZoL -
Lo
“ SPeZh =
Lo cez ) -
SLLEL .
L oosELT Fs
S56— —_ <1160 @ Lg
[ 8585k~ L2
e s0lak -
B Le
L= "
[ o

1 (ppm)

S35



Cl

(=] (=1 [=] (=] [=] (=] (=1 [=] o
& &8 & &8 8 &8 8 &8 &8 s s 8 s S 8 8 8 8 8 s 8 8 S 8 8 8 8 8 8 8 8 o
& ¥ 8§ &8 @& & I @ 5 g g g 8 o B 2 B 8 B 2 B g8 B 8 8 $ B 8 R 8 8 8 8 o
_ L= .
e
2
L=
Lo
o ZEE I
[ e 1 es E—
95z~ —_— \U =€0tla
lee— _— - =967 .
-
. , veeL
LEb— —0zls  gls
W 8L
Fe_ 294l
&
[ s
T
lTL <
oy L=
oy -
| _— ————————
se'l 07| m
9L C
8oL L=
Ln o egeTi
T zloel
FS o bpeel— —
T e
98'6— — < Fp60[
S suesi~ —
i FINYIes -

40 30 20 10

50

T
180

T
190

£l (ppm)

S36



H
_N
O NMe,
(¢}
Br
1m
©
=1 @O oo ~ r~ <
=] NN «© N 0
— P = P = P = © o™
| sy N [
1
|
]
|
| J
b [ f iy
o < @& o ©
@ oo < o o
o o — o oo
T T T T T T T T T T T T T T T T T T T T T T T T T ™
12,5 1.5 10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 L5 LO 0.5 00 -0.5
£l (ppm)
@~ DOm0
N — B3 O @ 0w e
— @ D=0 © 0 T 0 o
© 0D Go® o Tl ® w0
— = e P~ I~ P~ P~ ©
5 Sh e 4
1
|
|
|
|
L ",
T T T T T T T T T T v T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
i1 (ppm

S37

28000

26000

24000

22000

20000

18000

16000

14000

F12000

10000

8000

6000

4000

F2000

2000

F13000

12000

11000

10000

9000

2000

7000

5000

4000

3000

2000

1000




1n

c o 2 2 2 s 9 9 2 2 8 ¢ g o
2255358853882 358 2838888 ¢8 88 g g g o s s o o o o o o
AN &8 38588 378§ 4888828 35883 o 7 S S 8 g g 2 2 S 2 8 ] °
o
[ =
S
o
Lo
= L0'9E~
L= 5846~
pgz— ——————————— J,l*mg,m-m
e= =182]
[=]
Fg re'9L
. , 9Ll
88— -00z] 2 ol
8y Ll
%
L=~
o5
VoL
pO'L Fa
S04 -
9L — - L enm S
8egL - =POZL=  gpGlL
5L
op'L LS iloek
WL 08'0Ek
Lo oziek
8z'LEl
Lo
666— — - Figol 02854
1hGb -
LS eLlavy -
o BLpal

-10

40 30 20 10

50

T T T T T T T T T
180 170 160 150 140 130 120 110 100

T
190

£l (ppm)

S38



-112.85

T T T T T T T T T T T
-0 -20 -30 -40 -50 -70 -80 -90 -100 -110 -1320

T T T T T T T T T
-130 -140 -150 -160 -170 -180 -180 -200 -210

10 0 -60
£l (ppm)
(e]
H
Me _N
O NMe,
()
Me
10
~ W oo r—~ — O w
w o= w 3 M oo™
(o] M~~~ = o) ™ ™™
~I1- I ~
|
| J
) »
A AL t 11 !
[os} ™ (e} (o) I o™~
> oo S S o o
o = ™ o™~ oy w
T T T T T T T T T T T T T T T T T T T T T T T r T T T
12.5 1.5 10.5 %5 9.0 85 &0 7.5 7.0 65 60 55 50 45 40 35 30 25 20 L5 1.0 0.5 0.0 -0.5
£l (ppm)

S39

19000

18000

F17000

F16000

15000

14000

13000

F12000

11000

F10000

2000

7000

6000

5000

4000

3000

2000

1000

ST
F22000
21000
20000
19000
F18000
17000
16000
15000
14000
13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2000

r1000

F-1000

L2000



F1200

F1100

1000
F900
800
o0
re00
500
rdo0
r300
200
rloo

hw,mf
mhmfv.

£5'9e~
aL'ge"

89l
9 f,RW
apiLl
mw,mn.\

pE9Z)
qmmmi/(
NI
gLzeL"
00LELT
L5LE)

86'85 1~
aL'gL

-10

10

20

50

T
170

T
180

Cl

Cl

uuououuououoouou o
g8 88 88888888 28828282828 zg g g2 g
S 8 2 3 8 8 8 8 38 s 8 3§ &5 8 & § . &
- —————— ~157
prg— ————— meo,m
Z8r— —— 4*8,”_
6hL

om.@. o i s
\Z'h — _ +50'1
%L T h ook
BEL

oL

£00L— e \iwmm,o

0.5

0.0

0.5

1.0

4.0

4.5

65 &0 55 &0

7.0

9.5 90 83

10.5

11.5

£l (ppm)

5S40



9000
8500

8000

7500

F7000

6500

6000

5500

5000

4500

4000

3500

3000

2500

2000
1500
1000

500

L58E~
bhge"

Pa9L
9 ﬁtv
apiLl

L7ezh
69°0¢€ f/
Zolel
SLzel

ro'eet
£Z'5¢ f\

SZ'651~
SLSL

-10

20

40

']

£l (ppm)

90

T T T T
140 130 120 110

T
150

F14000

13000

12000

F11000

F10000

9000

8000

F7000

6000

8000

F4000

3000
2000
1000

F-1000

L5
Sk fv

68'C—
[

86t
66'F
L0G
e0s

9z'L
(sl
ZeL
eeL
peL
9g'L
8e'L

PS6—

——

=66'C

=00'e

=96'Z

=00t

=0l's

=680

0.0 -0.5

0.5

45

6.0 55 B&.0

7.0 6.5

10.5 9.5

11.5

£l (ppm)

541



00
F7000
6500
6000

5500

5000

4500

4000

F3500

F3000

F2500

2000

1500
1000

500

~-500

pe'0Z—

0g'9e~
96'LE7

96'9Z1
72'82 fW
0.'8Zl

Loyl —

L6'85 1~
Ze8L

-10

40 30 20 10

50

80 70
£l (ppm)

140 130 120 110 100 80

150

170

L8O

Br

1r

(=] (=] o o (== (== (=] (=] [=] (=] o

o (=) o o (=) (=) [=) [=] (=] o o o (=) (=) o o [=] (=] (=) =)

(=) (=] o (=) (=] (=] [=) [=] [=] [=] [=] (=] [=] [=] (= (=) [=] (=] (=] =

[=]] [==] M~ w w =t o o -~ (=] (=] (=] (=] (=) o (=] (=] (=] (=] -

T YT T TN T T T T TN PR PO Y RANT P,

v5l ; i
mm,rv w e
82— - =g0¢
Lle— Hﬂ“ =00
96t

26 . _ i
mm,qw —_— 7|
L0

1zl

6ZL _ -———— =00
apL E— 5 =z0%
aps

Lok— — L =860

45 35 25 1.5 0.5 05

542

105 9.5 85 75 65 55
1 (ppm)

1.5

25



10000

o000

8000

FT000

6000

5000

4000

3000

2000

1000

L802—

LE9E~
66487

a9l
wﬁ.hhw
apiL
mf.mm\

e5zeL"
£182L—
8L kel
65 6E L~

€065~
LELgL

30 10 -10

50

T
100

1 (ppm

T
110

T
140

T
150

T T T T
200 190 180 170

T
210

LUy
F21000
20000

t-19000

18000

17000

16000

15000

14000
(13000
12000
F11000
10000

8000
7000

(6000
5000
4000
3000
2000
1000

9000

F-1000

oe—
9ge—

6L°L
0zl
LZ'L
L'l
€Z'L
£Z'L
9z'L
7L
S9°L
S9'L
99'L
192
L9'8
mw,mv.

68'6—

Zeel—

]

=o€
=00¢

=10
=70}
00

=g0'l

—88'0

Fi60

1 (ppm

543



~ © o oMo Loy
2] ~ — SO® m©o 0 W0 p
< — o HOIWD NG < — @ ™y
> © © GO NN — [t 0 P~
— — e e [ el o €2
I 7 DR - N
[
1
|
|
1
2‘10 260 1‘90 léﬂ 1%0 lili(} 1‘50 1;0 13‘0 lIZD 1‘10 1[‘)0 QIO 8‘0 TID én 5‘0 4‘0 3‘0 2‘0 l‘D —Im
£l (pm)

r~ —

~ 0y WD O0OO - O — Om

o o W NDTITNO D < = ©

— — O M~~~ 3o

N T A I
1
|
\ ‘I
|

it il 0

T Y Y ot Ly

< ® — © — oo

s @ < 2 o coo

o S - - - o o3

15 14 13 12 1" 10 7 3 1
f1 (ppm)

S44

12000

r11000

10000

9000

8000

F7000

F6000

F5000

4000

3000

2000

1000

1000

+23000
22000
F21000
20000
19000
+18000
F17000
+16000
F15000
14000
13000
F12000
11000
10000
9000
8000
+7000
6000
F5000
4000
3000
2000
1000

r-1000

2000



2228288888888 ¢8¢8¢8- :szssscszszssczs B8 g 8 2 8 8 B 8 E g2 2 8 28 8 8 8 g 8 g
S REHFES858ES A8 2822888883888 3 E 8 B 3 B § = 8 8 2 B B B § B E 8 o %
(=1
7
Lo
=
zZe6L— 1k =
I
D IS
€588 rs
_ e ——————— |—00°
r® ErE— - v
L2
3 [=}
pEOL -
wftv o
BY'LL L |7
i s
B L
rg2 vTL
= vTL -00'}
} B 9L E—
- V5L B T
E5BLL— e S E5L
Lrozls wwm
20ieh— T 1% s et — ——50'l
B6'GEL~ _—
70071 - Le
EVErL— —
L2
— _ M & £90L— — — 160
00'ZgL" m
Le
[=}
f s z— ~roo
L8 1821 — <E00'
18esl— -
2
o
1

£l (e
545




3400
3200

3000

2800

2600

2400

2200

2000

1800

1600

1400

F1200

1000

800

00

(400

200

LOTLE~
1588

9L

PR HT—— Iﬂlil vt i

T

apiLl

alell
No.m_\fw.
08'sglL—

PIACPIRN

L OpL~
AT

P08l
8p 1oL

L5'¢6L—

-10

10

20

40

30

T
a0

T
110

T
150

T T T T
200 190 180 170

T
210

£l (ppm)

(=] o (=} (=} (=1 (=] (=] (=] (=1
g 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 g
5= &% &8 2 9 9494 4 =2 g 8 B 82 8 S 828 8 2 o 0V
Zhe— —00'e
ere— Jdooe
hm.h./

iy -

mq.hw - — T
brL

L8

mh.mw. D == =L0
BL'B

£5°0L— — AV
LBl — — |LH|mc.f

)




5500

5000

4500

(4000

3500

3000

2500

2000

1500

1000

500

PEFIEN
85'88~"

9L
mf.nnw.
ap'il

B¥6LL

mh.m_;‘v.
£EECL—
mc,omi\
Y 9EL-"
05"kl —

LE0SL~
gr b9l

L0961

p—

-10

0

20

40

80

T
a0

T
110

T
140

T
150

T T T T
200 190 180 170

T
210

1 (ppm

Me

(=1 [=] (=1 (=] (=1 (=] [=] (=1

€& 8 8 8 &8 8 8 8 8 8 =2 8 8 =2 8 =8 g

E] = = L] [ =] E 2 8 2 2 3 E] 2 g S = n

1

68Z— u*mo.m

80e— =-00'¢

Lre— Ul%.m

9zt

oL

oL

oL - 20l

eve - %00

6t L

671

95'8 . —

mm.mv oo

V56—  — ——————————— =860
87zl — — -—FI60

o

£l (ppm)

547



@ @ OO T
0 - — @< <t 0 ® g 0w < — [Pe]
by - O COOD N = < W 0 o
=) © © A o= st w0 o
— — e e o [l e o o
I N e Y e Y
[
N |
|
I‘ ’|
210 260 160 léO 1.‘"0 1["10 1‘50 1‘40 1‘30 1%0 1‘10 ].lI)O Qb SIO TIO E:O 4‘0 3‘0 2‘0 1‘0 *‘10
1 (ppm)
0
MeO
O
NMe
HJ\W 2
O
2f
w
— =y M~ < M~ — OO M~ = O T —
ol @ QO NN 0~ =
— (0] 00 00 M~ M~ =~ =~ - ey o
I e AN
i I‘
1
i | [ L . I
| [ ¥ N Yy
fis) [Tl o — o =l
« @ < cQ ooo
=1 =1 — — o3 o3 o3
15 14 13 12 " 10 9 8 7 4 3 1 0
f1 (ppm)

548

Fesuuy

23000

22000

21000

20000

18000

18000

17000

16000

15000

14000

13000

12000

11000

10000

(9000

8000

7000

6000

5000

4000

3000

2000

1000

75000

70000

H65000

60000

55000

50000

45000

40000

35000

30000

25000

20000

15000

10000

5000

F-5000



9000
(8500

8000

7500

7000

6500

6000

5500

5000

4500

4000

3500

3000

2500

2000
+1500
1000
500

=¥
8588~

L8585

9L
9 f,n.\.v
apiLl

cooch
Wm,_.NﬁW
eLelh
Le'ech
8LZel—

66'G5 |~
€665}~
88191

SEPEL—

-10

50 40 30 20 10

60

200 190 180 170 160 150 140 130 120 110 100 a0 30
£l (ppm)

210

Cl

[=] o (=] [=] o o [=] [=1 o (=] [=] o o [=] (=]
E 2 8 & 8 B8 & g 28 8 &8 &8 B g = =
E 2 % & ® 2 = S ©8 88 ® &8 @ & g o W
Zie— =—00'€
sre— 00°¢
il
5l
85l
85'L o R
09'L — —zol
0Ll
0Ll
08 . a— oo
R €0l
65— — ——660
sezL— —_ -<=95'0

)




23000

137.80
135,67
135,31

120,25

~-123 96

12154
77.48

7716
76.84

22000

19346
18120
160,20
3860
2770

{

21000
20000
19000
(18000
F17000
F16000
15000
14000
13000
F12000
11000
10000
9000
8000
7000
6000
5000
(4000

3000

1000

i I 2000

=-1000

T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 80 50 40 30 20 0 0 -10
£l (ppm)

Br.
o

)H(NMez

o

R 1=z

(-38000

12,39
9.92
8.66
8.64
7.84
7.84
7.74
7.74
7.72
7.71
7.26

—3.45

;
i

—3M1

[-36000
34000
32000
30000
f i
26000
24000
22000
20000
18000
16000
14000
12000
10000
8000
6000

(4000

| —

Y

2000

1,00+
2.00-=
3.02-=

570.99=
0.97-=
®70.98+

o
'
W
ra
(=]

I
i



5500

5000

4500

[-4000

3500
3000
2500
2000

F1500
1000

300

bLAE~
L9'8e~"

9L
mf.nnw.
ap'il

ePall—
EINTARN
8Z'vel—

SZ'8cl

£e8e)
19'8E)

12084~
8z b9l

LPEel—

30

40

80

T
a0

T
110

T
140

T
150

T T T T
200 190 180 170

T
210

1 (ppm

NMe,

Me

= = = = o o o o
2 2 2 2 2 2 2 2 2

= 2 & 2 8 g g S g °
arz— =00'¢
Le— wéo,m
epe— -£0'¢
oL

L2 _ =p0'L
9z L

(S — =Z0'L
L9

958— — ——— =660
66— -———— 060
Zrel— — = EL60

b

£l (ppm)

S51



2500

2000

F1500

F1000

§8ZZ—

[A=FARN
1588

Wm,wn/

T

apiLl

Sr0Z)
26 0L
LoszL

67 981"
ceeel’
79 1L~

9P 091~
L8'1aL

ZZeL—

-10

50 40 30 20 10

60

200 190 180 170 160 150 140 130 120 110 100 a0 30
£l (ppm)

210

[-40000

35000

30000

25000

20000

15000

- 10000

5000

0

Zh'e—
SPe—

969
96'9
86'9
869
0L
002
7
:..h/
£eLL
pLL
T
67
058
z58
£5g

£6'6—

Z9¢l—

=00'e
=00'e

=G0’

=90

=zZ0'}

=00

F96°0




o
6500
6000
3500
5000
(4500
(4000
3500
3000
2500
2000
1500
F1000
4500

500

-10

0

20

9948~ %
858" Fs

9L
mf.nnw.
ap'il

T
90 80

100
1 (ppm

8v.0)

L4.0) ——
T L ——
APl fM.

(28125 ] I
9.6 G0'GR-—

T
110

120

Lg'g8el
£9'8¢ElL —_—
85'Lrl B
il

T
140

T
150

BP O8I s
0z beh— —i |-
1058l —
geggL” "

T
180 170

T
190

LZ'EEL— -

T
200

T
210

4000

3500

3000

2500
2000
1500
F1000

500

T T T
-120 -130 -140 -150 -160 -17 -180 -180 200 -210 -220
1 (ppm)

-110

-100

20

-80

40 -50

-30

Cl



2 [=] o [=] o (=1 [=] (=1 [=] (=1 (=]

: 8§ 8 8 8 § 8§ 8 8 8 8 8 =2 8 8 8 8 8 =8 g g g g g g g g g g g -
p®% 5 o8 o\ Z o9 d o0 =25 8 8 BE 2 B S 8B 85 =2 o v s 2 9 g # b & 5l = = =2 =
e

= Fe 3
Pl iE~
Le £9'8e~"
zle— -00'¢
Spe— -0t
J I peLy
L ==
I
Lo
921 i .
e
L _ 3 e
ap' . — |mu\mcé w
ap s P00
gg'. e
851 1512~ _
: LOETL -
mmmv i —-e60ke STz B I
e lel”
PO LEL— - —
£66— — -———-850L2  S00pL"
FE8z0gk~, —3
JANE-TS
L5ZL— —_— -4 =660
LBE6L— -

-10

50 40 30 20 10

60

200 190 180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

210

Br

S54



r17
o0

1900
r1800
1600
1500
1400
F1300
F1200
1100
r1000
ro00
800
600
500
400
r300
200
rloo
F-100

-10

20 10

30

40

50

80

s @ 5 & 2 8 8 8 = s & © o
£ £ £ 2 22 22 288288282882 8¢8 82 ¢g¢ 8 2 2 8
4 5 % &8 5 8 B S5 8 8 3 3 8 8 &8 8 8 ¢&8 38§38 o 7 j 5 &

SE=1
(I3
g ———— uw —voe[” z98e
She— -00'g
] P89Ly
<4 LT3
8p L
f
!
9z'4 8
ot NZ%ﬂ
8z E— - -
e - S R
5oL . FLOEL~,
194 sz el
. perzls
' E— — 660
Emv Lo GO LEL~
8L ovl—
85 ZPL"
¥66— —_— ——— —i0}}e
£E084~
8L 8L
£5ZL— —_— = L0 65 061 —

80

90
S55

100
£l (ppm)

110

120

130

180 170 160 150 140

190

200

210

Me
Me




; » o™ o~ @ O W0 ~—

o @ w = ™ = v @3

— o2} w P~ © ooy

| | N/ I N

o
I
|
L

- |

A

' ! f f [ S

[ — — [=} -0 O«

o o o o oo oo

[=} — — — o3 o3 o3 o3

T T T T T T T T T T T T T T
14 13 12 1" 10 9 T 5 4 3 2 1
f1 (ppm)
@ o< ~N oMM NO
@ 2N T nah A 0 © & o~ s}
< - o © NOAN N N @© =
=) © © <+ mom NN NN~ © O N~ oo
- - = - T < ~~ S~ ™™ Q—
| N 'Y ~ N N
|
|
I
|
|
" " T, L " TP ) )
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
O
Cl !
O
NMe,
Cl ”

O

2n

S56

34000
+32000
30000
28000
26000
24000
F22000
20000
18000
16000
14000
+12000
10000
8000

6000

4000

F2000

6500

6000

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

500




) o [=] (=) o (=] o o o
=2 (=) = (=) (=) = [=] (=) (=) (=) (=) (=) (=) (=) [=) (=) = f=]
=2 (=) (=) o (=] (=] (=] (=] (=) (=) (=) (=) (=) (=) (=) (=] (=] b=}
~ [{=] 3] ~t o o~ — (=] (=] o (=] o (=] (=] (=] (=] (=] —
i S S L . S, . S L L .. SR
ZLe— u|8,m
9pe— -0t
9z L— —_—
8Li— —_— - =00l
G68— —_— ———t=— 6D
086— E— —— =00l
SPZL— —_ -=<E860

6500

6000

5500

5000
4500
4000
3500
3000
2500
2000
1500
1000

500

88 LE~
- sgas”

Wm.wh/

T oL

8yLL

7
1 (ppm)

A4

shzzL”
=) ziLe"
898k
80°8EL—
voopk?

10

- LL09k~
88091

12

13

95261 —

14

-10

50 40 30 20 10

60

200 190 180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

210

S57



6 2 & o 5 5 8 & o o o -
E E E 2888888 EE &8 ¢E 228828828 ¢g8e & g 8 & g 8 8 g2 =2 g8 &g g 8 g8 < 8
£ 2 8 5 8 &8 ¥ 83 3 3 3 8 8 2 2 8 35 888 o 7 s B8 & B B8 & &8 B 3 B 5 & 35 & . B

o
] Lo
" owez— -
i 0848
VLT ; eoe 8rge—= =

ple~ —~ooel"”
apE~ - 2o
7z 4 4 b
zz L
bz L
9z 1 Lo
9L pe'9L
L] wr.tw
09'L L. 8 il
0947
2947
b9 L
| -8
96'L1 — 60h| &

LE L —_— =0}

85'L _ 00w
66'L
cl'a €80T~ -

E..mw. — -55°0 8z'czl R —
18 re PG ETL

SISV -
z8 el B ]
Ls  pheeL 1
T erogl~
Lz zgl"
682L— —_— = 60l
T e L0Z—

50 40 30 20

60

200 190 180 170 160 150 140 130 120 110 100 90 80
£l (ppm)

210

S58



g & g s g g8 g g g g8 g 38 g2 2 g g8 g8 g 8 g8 g8 8 g s
§ 32 2 s g g &8 = s 8 8 s . g g 2 g s B g g 8 R g
o
_ Lo
e 6582—
92" - - irmc.m Nm”hm/
0Lg~ Umoo.m‘a pg'ag-"
e~ — 3,882
I pe oL
S.RW
8y iL
| o
17!
Vel |
el - S )
L POl @
veL i =0l
mniﬂ
8Ll RN
168 . caeCl
1687 T " ¥E0re  ggszL)
e=tgy A
£L6Z)
XL
= SE0pL"
= se0gk~
paLeL~
pEZL— —_ —= 00| o
FE o Lzoe—

20

30

40

50

60

100 9 80
£l (ppm)
S59

110

120

130

200 180 180 170 160 150 140

210




uuununonoonunnu n
=]
[l
=
=]
Fa
-
FS o ogee—
60 ic—
Lo
90~ ~ Amm,m-m
i 0
Lo VSEL
- %,ﬁ/
i mftw
= 8y il
Lo g
&
Lo
15— _ =00z}
glpll—
-
[ f
, g9lzL~
0z 0Z'9Th~
zzl | e
ol s 8y
ez 96'621
e o BEvEL”
¥el - _ Loz]
wnhw i TREG0 | w
i1 o
s —
[ BY8sL—
P6Z9L—
=]

T
170

T
180

S60



[=] (=1 (=1 o (=] [=]
E &8 &8 &8 8 &8 =8 8 8 8 8 = 8 = 8 g 8 8 8 8 8 8 8 8 o o o o
g =% @B 8 =z = 8 8 B 8 2 5 82 &8 = = il & & g E] E = B = 8 2 S g =
] Lo
=
=
(=]
; o 06 28— -
- gl ie—
0t __zoels
mo.mv .?o,m
Lo
o EEhLn ~
B 78'9L
D,;k./
-
[ 8y Li
1GG— oo,m‘aw
loa
169 -
£6'9 [« L00W
569 _ . B00LL
Lzl 0L e ZLVELL
qﬂ./ - 0L ;.m:v
@Ew - LB0[ mw.q:&.
ac'L o Tl
VgL L=
€9L 8c' gl
b mﬁﬂv
e LEL
FS @W.EV
| 975G L~ B
26 4GL~ —
= e06sl _
g egzol”

10

40

50

T T T T T T T T
170 160 150 140 130 120 110 100 90
£l (ppm)

T
180

S61



F1200

-116.90

F1100

F1000

900

800

700

500

400

F300

F200

100

T T — T T T T T T T T T T
-105 -115 -125 -135 -145 -155 -165
£l (ppm)

T T T T T T T T T T T T T T
-3 -3 -40 -45 -30 -55 -60 -65 -T0 -75 -B0 -85 -90 -85

773
7.71
7.3
7.31
7.29
7.27
719
747

—547
3.07
3.06

<

45000
40000
[ H (35000
(30000
25000
20000
F15000
10000

[-5000

T T T T T
1.0 10.5 10.0 9.5 9.0 &85 &80 T 25 20 1.5 L0 05 00 -0.5



6500
6000

5500

8000

4500

F4000

F3500

3000

2500

2000

r1500
F1000

r500

8g'ee—
bie—

oL'es
Wm,wn/
9 f,tv
apiL

ceekl—

80971~
05924
Lo8zh
Zi0EL

o

0L'651—
§5'¢91—

-10

10

T
30 70

£l (ppm)

a0

32000

30000

28000

26000

24000

22000

20000

18000

16000

[-14000

12000

10000

(8000

(6000

4000

2000

=2000

90'e
B.mv.

Zrs—

zT L
¥T L
9TL
8T 'L
A3
qm_hw
SLL~
el

26'c
A_‘o.m

=00z

=20}
0L

=680

-0.5 -LO

0.0

3.8

4.0

£l (ppm)

S63



—16246
—159.09
136.19
f130‘75
128.78
128.58

<

—11548
~11272

7748
77 16

é

7684
7437
—3705
—-3382

20 80
£l (ppm)

S64

28000

26000

24000

22000

20000

[ 18000

16000

14000

12000

F10000

8000

6000

4000

F2000




[=] (=1 (=1 (=1 (=] [=] (=1 (=1 (=] (=] [=]
s § 8§ 8§ 8538 §g§8¢g8¢8;5¢8¢8._° EESFfEE8EE¢E858¢8¢88¢ssz:szszsszsg.?
-
[ =
=
-
| w 898L—
Lo
Ggg— —————————— =0'¢ 58 ee— -
e glig—
p0'E DR A R
mo,mv J.Aoo,m
Lo
- 10EL
B qm,ﬁ/ 2
LeT erid
Y
L G— — —_— 0| =
-
[ e
66'9 [
_.c,hk . LS UL — -
£z'L —_— L2
, £0'L
A2 e - el
9z'L eobn L9zl
1z — - A )
qm&“ | m_‘,m?m -
992 @ 0z Ly -
W ZLTEL
o
L' ggeslL— -
90'¢9L— -
o
=
=]

Lo

-10

£l (ppm)

T T T T T
140 130 120 110 100 30

T
150

T
170

T
180

S65



—544

307
3.05

<3

-

L
Wy Ly
0 N o O
0o o o (=)=}
(o o o™~ o)
105 95 85 75 65 55 45 35 25 15
1 (ppm)
[TolTs) e il & Wt
w o [ORTeN S 0 W T ™
o © = GO oW N 0 e
w 0D NN (N M~ r—~oaoM
— - e [ e
I Ve

N L]

¢
\

o

—-37.16
~33.93

20000
19000
18000
F17000
16000
15000
14000
13000
12000
11000
10000
9000
8000
F7000
6000
5000
4000
F3000
2000
1000

-1000

6500

16000

5500

5000

4500

4000

3500

F3000

F2500

2000

1500

1000

500

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50

1 (ppm)

S66



Br

28000

773
7.71
748
746
7.39
727

—544

307

%.3.05

F26000
21000
/ { ‘ 22000
20000
8000
| 16000
14000
2000
10000

2000

(4000

2000

-
:
|

a3
)

0.88-¢
=~ 11.00
0.95-~

F-2000

T T T
10.5 10,0 9.5 9.0 84§ 8.

f
o @
S )
o o
T

5

£l

-73.01

T
2.5 20 L5 L0 05 0.0 -0.5

=]
o
-
o
.
o
S
=)
w
o
w

6.5 6.0

_m
it

o o 12200
— M

P L2100
b L2000
11900
L1800
L1700
L1600
H1500
L1400
11300
L1200
L1100
-1000
L900
800
L700
)
-500
L400
L300
L1200
L100

— 16263

—158.88

—13442
132.07
130.07
7748
76,84
7299

N

124,99
—118.87
—115.48

\

F-100

180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

S67



o)
NMe,

F3C
N
3n ©

(-30000

25000

20000

15000

10000

5000

5500
5000
4500
4000

3500
3000
2500

2000

90'e
wo,m.v.

25'6—

az'L
Nm,hW
nw,hv.
S9'L
LB'L
£6'L

Lo'e
.A_‘o.m

ooz

—90°L
~o0'L
960

0.5

L0 0.5 00

L5

50 45 40 35 30 2.5 20

6.0 &5

7.0 65

1.5 10.5 9.5 90 85 80 7.5

12.5

1 (ppm)

9g'ce— —_—

80°LE—

0T°eL

A
PEOLY

OV il—F —=
mq.t.\.

70'FLly
1Z6hh
Zrezl
FANSTAR
18'8Z1
58'9Z1
68921
ze9zl4
pepxas |
GEPEAN |
ZTBT I
qm.mmiw
89821
188z)

1gigl—

92651 —
9e'eel—

T T T T T
140 130 130 110 100

T
150

T
170

T
180

30

£l (ppm)

S68



Favuuy

19000

—6197

18000

F17000

16000

(15000

14000

(13000

12000

F11000

F10000

8000

F7000

5000

(4000

3000

2000

F1000

0

T T T T T T T T T T T T T T T T
o -10 =320 =30 40 =50 -60 -70 -80 -90 -100 -110 -1320 -130 -140 -150 -160 =170 -180 -180
£l (ppm)

F20000

19000

A
/
X

7.68
726
712
710
7.03
7.01
—541
3.08
3.04
—2239

<

F18000
F17000
16000
F15000
F 14000
, F13000
F12000
F11000
F 10000
F8000
18000
F7000
+6000
15000
F4000
3000

2000

r1000

NS

-1000

T T T T
1.5 1.0 10.5 10.0 9.5 80 85 80 7.5 70 65 60 &35 50 45 40 3.5 3.

73,02

2.00
3.00
=713.08

S69



[=] [=] (=1 (=1 (=1 (=3
8 & &8 8 8 8 8 8 8 o E &8 &8 8 8 8 8 &8 &8 8 8 8 8 8 8
= b S [ = 8 5l i E = = = a = = = ] 8 2 2 B g = 5 =2 = T
= —_—
hs
R
1sz—  — u
3 |z
s8'ge—~ - 1
Zvie— - |
50°E~, (682
Lo 0% 1 tzoe
L8
zgeL e 4
pasiy- -
FLL =
8viL e
ers— —_— =002
Py 069
& 069
o 269
z = z6'9
k] .
o &9 L0
3 L —— - €0}
SLPHL E— 8LL - — 4280
BT L2l B L5 BlL
ELSZL B 0TL
16921~ e — i e
Fa 85L
£z'gel— — 09'L
ZreEL— —— L
o
09'85L— - Lg
PO'E8L— —
L
o

0.0 -0.5

0.5

20 15 L0

25

3.5

4.0

85 80 75 70 65 60 5§ 50
£l (ppm)
S70

9.0

0.0 9.5

1.5 1.0 10.5

2.0




6500
(6000

5500

[-5000

4500

4000

3500

3000

2500

2000

1500
F1000

500

1500
1400

F1300

1200

1100

1000

900

800

F700

600

500

400

300

200

100

88'ce~
Zlie—

LEEL
Wm.mh./
wf.nhw.l
ap'il

mm,me
zaz0L”
LI
BE
7972l
ozezh”

mm,mmf
SF9g fv.

16851
mtm»
8578L-F
ozveL’

20

30

40

50

80

80

a0

€9 bL-—

200 190 180 170 160 150 140 130 120 110 100
1 (ppm)

210

T J T T T T
-80  -100 -110 -120 -130 -140 -150 -160 -1 -180  -180 -200 -210

-50

-0

-20 30 40 -50

-10

1 (ppm)

S71



24000
F23000
F22000
F21000
+20000
+19000
18000
F17000
F16000
+15000
14000
13000
12000
F11000
10000
9000

8000

F7000

6000

+5000

| 4000

F3000

F2000
T
(=]
o
(o'}

—7.87
727
7.21
7.21
718
718
717
715

—543
3.07
3.05

_ §
<G

F1000

0.90-5—-

+-1000

1.03
1088
3.01
1278

15 10.5 95

=]

5

-
n
&
n
~

5 35 25 15 05 0.5

8500

—162.53
—158.97
126.26
126.27
12250
—114 .58

—37.14
—33.91

8000

<

F7500
7000
6500
6000
5500
5000
4500
4000
F3500
3000
2500
2000
F1500

| F1000

| i j [ I o200
L i \ ‘ |

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 10
1 (ppm)

572



nnnnuuouoonn n
8 8§ 82 88 8888 88 88888828 ¢8¢s8s g 2 883 3 8 28 2 28 828 8 8 28 288 88 & & = o g
T 8§ & ® 5 §8 8 I 2 3 - 3 8 35 2 8 8 5 838 3 o 7 S € 83 8 % 8§ 8 8 8 % 88 8 €333 8888, §
-
1
—_— \ﬁw
[=]
Fa
Lo
J L= 5ees— -
o 80i8— -
S0€ ooels
E_mv JAB@
F2 leel
qmm» -
| o oL iLy
N 8riL
5B
b5 _ ILﬂS,m‘mf
=
b
mwm - TR -
i - 2 Gere B
peL -
. [ 56'9ZL7
peL @ e d
9L N
e 2898} — -
zZ08— —_ F3
[=]
Fa  08'85L— -
79— -
[=]
s
=]

180 170 160 150 140 130 120 110 100 90
£l (ppm)

30



NH,

4

g g 8 8 2 g8 8 8 8 8 8 8 28 8 o 2 888382388 2828¢82%838¢828z3g g 2 2 2 2 8
s S B g B 2 B & B 8 B 8 &8 2 B8 8§ 58 & 8 5 8 8 5 85 § 5 8 5 8 2 8 5§ ¢S
=

¥3'9.
L wfhhv e —
- T
£9'9
59'9 |
el T — °k
b9 -
509 =
st T 809k
oy orsh
zes 98841
ov's i
8L LT8Eh,
65817
0005+ —
sLpeL—

-10

40 30 20 10

50

100 g0 80
S74

£l (ppm)

110

120

130

180 17 160 150 140

190

200

210




COOEt

o o o o [=1 [=1 [=1 [=1 [=1 [=1 [=1 [=1 [=1 [=] [=] [=] (=] (=1 [=] [=] (=] o [=] [=] [=] [=] o o (=] [=] o o
-
3 Mo
2
o SEpL—
Ll -
mwev S =zoel= Ligz—
!
Lo
- =00el 2
Lo BE La— -
-
S04 [ ¥29L
or'v - [ . mﬁnnv e —
Y T —— Pl o
s -
9z L=
8y i1 N
08 41 o8
2541 =
2L i 3
Zil .
L [ 5,8/
vis o SLSTh -
oo | N [ 059zl =
YR ] — ) Sfe  ovee .
S — = Q0 e
¥ i - 0ok -
€94 — A00e seeey/
008 gl —
208 L leewl
69E— — B — woor-u chag, -
. 0gesl— -
=]

50 30 10 -10

70

T
100

£l (ppm)

T
110

T T T T
200 190 180 170

T
210

S75



COOEt
NH,

A

uoouunnoonu n n
: £ E 8 228 88 E E &S 2888282 2288 ¢8g 8 g g g g g g g g g g g
2§ 8 5 8 8 3 8 8 = 8§ 8 8 8 8 2 8 3 &8 8 o 7 g g g g g ] g g g g -
-
=]
| ¢ 8epl—
L=
g -
MEW _ =LOE L i
St'L w
Le
L=
- ZvLo—
. L= ve9L
e el i)
Lo _— AR 8v il
b4 -
e
“u
o
e peOL— e
) Fe o lvzel
489 oL 2zl
08t Fo mmmmﬁm
08 . B - S‘,mmf\
VgL —_ Lo 29zEl
VgL
gL L2 egEnld
99, €205k~ -
LezLesk
gge— —_ N - _
Le
g 5999 — -
=1

50 30 10 -10

70

T
100

£l (ppm)

T
110

T T T
180 170 150

T
200

T
210

S76



= g 8 g g s = 2 s g = 2 2 2 2 2 2 2 2 2 2 2 -
s = & & & & £ & & &2 § § . & g g El & g g g & ] g -
r ¥
-
=]
FS
[=]
=]
Lo 1
[=]
T
e 3
fZg— T ——————— —=TIvozf, By LL
g
U,m
s
974
iz Fa
874 _
672 2
LeL R —_ 50T
Led - _ B0 2
Gy ‘Myg,m .
652 rs zgozi— —
0Lt . PPE ——
2Lt (4 esszLy S —
gLt L olizk
p06— _ e lamoLfS covEl— -
L e0zsl— —3
rs
52091~ ]
- 89291 -

12.5

T T T T T T
140 130 120 110 100 %0
£l (ppm)

T
150

T
170

T
180

S77



_N
8a

reauu

22000

—945
8.07
8.05
797
795
793
772
770
768
726

—317

—297

F21000
+20000
+19000
18000
k17000
F 16000
+ 16000
F14000
F13000
+12000
F11000
F 10000
F9000
F8000
F7000
16000
5000
F4000
I k3000
2000

F1000

-1000

==-2000

o 0.88=

11.5 10.5

©

19000

134,95
128.80
7748

7716
7684

18000

~167.18
18100
L 15862
14878

{

F17000
16000
15000
14000
13000
12000
11000
10000
9000
8000
7000
6000

5000

+4000
3000
, 2000
| 1
+1000
\

T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 o -10
£l (ppm)

S78



NMe,

S
N

8b

MeO

(=3 [=]
-
— Le
e
(=]
o £LeE~ -
= pg'ee— -
e~ - =-00Er 3 66'55— -
0ze— 9B
gse— —00€r3 PE'9Ly
LT3
L= 8y il
S
Lk
®e8e0l—
s
[
BLL re
mf.Lz PN
9z'4L — N Y
854 - 660,  OGC0E
09'4 — =0 L[ =
19’4 o S0 o .
N@.h% [ os 80'8pL—
884 @
00'8 Tw o 0895k
o ELesl
fe T8l
9e'6— — 660 VO
ra

-10

50 40 30 20 10

60

90
S79

200 180 180 170 160 150 140 130 120 110 100
£l (ppm)

210




Cl

NMe,

N
A

8c

o u n n o u u n
-
L= .
FS
-
Le 3
[ o 1Z'6e~
s Lee—
g~ ——— 1=00'Sf 3
lgg— ———————— —~voe|
-
Lo va'oL
“ mftv -
= gpis
!
|M,m
5ﬂ
871 | < B
Eh/ [
89's ) 2
0Li [ o
0Lt <0
78 L 90T oz
. - a8 o s
6L Loy 88121
608 (=  poezL—
g0 o phoel/
or'6— ——— =50l erlpl—
- €051 — -
=] f
2 0865~ —
L 0g09L
899, — -

-10

10

30

50

T T T T T T T T T
180 170 160 150 140 130 120 110 100

T
190

£l (ppm)

S80



Br.

NMe,

N

8d

o (=] [=1 [=1 (=] (=] (=] o o (=] [=]
& & & &8 &8 &8 & B8 &8 & s 8 38 s € . o o © © o o o o o o o o o o
£« &% & ®§ ®§ = = =T S § g 8 8 8§ o § 3 @ B8 § 88 B 8B % % ® 8 8§ 8 T € 8 o
E
-
I S
@ £T58—
o
Brag—
e
J
-
g~ —MmM— =90'CF o
0TE— —— 2o
- ve'9L
e LTS
bl 8riL
o
o8
o
o
b
(=]
zas c 0Tzl .
884 E— - 860 o E,m?/
vai 101w pO0eka)
191 — ———=260[,  LELEL~ - -
N . e
mw.mk‘ o B9°CZEL
878 o
Sre— e 9502
ZrosL— -
s
LPB5L-F -
509
v8'89L~

11.5

%
S81

T T T T
140 130 120 110
£l (ppm)

T
150




NMe,

N
N
PA

Cl

Cl

8e

nunoouounun o
5 &8 E 8§ E E§E E E &8 E & 8 2 8 g % £ 8 8 &8 =& =8 =8 '8 8 =2 o
] & 8 &= 3] = ] E = o ] 8 2 5 = = o 18 2 £ E] £ 2 £ ] 5 =] 2 =
Fa
7
J— IU
(=]
o
Le
o h
Lo
o -
ke 9z'6e~
i s 8p'ge—
00e— 9-90EF S
VZe— ~00€f
-
| =
H ve'9L
o T —
[eg  8ric
ad
Foo
F
L=
1Tl — -
g — \\]Mmofu
s — p— g
£z PO e gpgnL—
“ 08LZV—
L= mo,o?.w B
. 98¢l
e o -l [ ® :
mq.mv pOLLe  OPOFk
3 ' arL—
Le E
L5661
L i
. OgssL— -

130

-10

40 30 20 10

50

80 70

%0
£l (ppm)

110 100

120

180 170 160 150 140

90

S82



N NMe,
_N

8f

Cl

o o o [=1 [=] [=] [=] (=] o o o o
2 § 8 8 8 8 8 8 B8 8 8 = 8 8 =8 2 s = s 8 8 8 8 8 8 8 8 8 3 8 8 8 8 B o g
2 & € % 8§ 8 & & S § € 8 8 § 8§ .. =& 8 = 8 5 @ £ ® 3 @ S %W g W oz § 8 = 9 B :
,
e
,
(=]
[=1
S
-
o 1
. zzee—
a5 eree—
86z~ —-ooels
8le— — - a0'c
- t8oL
¥ mttv
w 8vil
°
B
=]
-
w
S elpe
Logel >
B OSL—
= P9 7EL—
%t zoosL”
682 'L
062 {0 ,
g7 o geByL—
6L -
108 S 088Gl—
o8 - 6ok
e
0re— -90'}

T
0.0 9.5

1.5 1.0 10.5

-10

100
£l (ppm)
S83

110

120

130

140

150

200 190 180 170 160

210




